Professional Paper No. 36

A, Economie Geology, 46
Series { B, Descriptive Geology, 58
C, Systematic Geology and Paleontology, 71

: DEPARTMENT OF THE INTERIOR
UNITED STATES GEOLOGICAL SURVEY

CHARLES D. WALCOTT,

DIRECTOR

LEAD, ZINC, AND FLUORSPAR DEPOSITS

OF

WESTERN KENTUCKY

BY

E. O. ULRICH|and W. S. TANGIER SMITH

WASHINGTON

GOVERNMENT PRINT
1905

ING OFFICE







CONTENTS.

Page.
LETTER oF TRANSMITTAL, BY C. W, HAVYES. ... . . i iiiiiiieiciacacncncsnnrancenacannnn 5
Part I. GEOoLOoGY AND GENERAL RELATIONS, BY E. O. ULRICH - oo oooiiiice i iiiiicaiaiannn 7
Parr II. OrReE DEPosiTs AND MINES, BY W. S. TANGIER SMITH . . cvc i ciccccccccaccacnns 107
504 0) o5 PN PRI 209







LETTER OF TRANSMITTAL.

DEPARTMENT OF THE INTERIOR, -
UNiTED STATES GEOLOGICAL SURVEY,
i Washington, D. C., June 8, 190}.

Sir: I have the honor to transmit herewith the manuscript of a report on * The
lead, zine, and fluorspar deposits of western Kentucky,” by E. O. Ulrich and W. S.
Tangier Smith, and to recommend its publication as a professional paper. Field
work was carried on during the summer of 1902 under cooperative agreement with
the State Survey of Kentucky, and a brief summary of the results was published in
Bulletin No. 213, ‘Contributions to Economic Geology for 1902.” Prior to the
investigation in 1902, however, Mr. Ulrich spent the greater part of two years
(1889 and 1890) in the same territory, while attached to the Geological Survey of
Kentucky. The field was again visited by Mr. Ulrich in 1903, and the results of all
these studies are brought together in this paper. The district is one of peculiar
interest, having a complicated fault structure and unique lithologic and mineralogic
associations. While the report contains much matter of purely scientific interest,
it has been prepared with especial reference to the needs of the mining industry,
and in such form that its conclusions should be of great practical benefit in developing
the industry in this district.

Very respectfully, C. W. Haygs,
. Geologist in Charge of Geology.
Hon. CrarLEs D. Wavrcorr,
Director United States Geological Survey.
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THE LEAD, ZINC, AND FLUORSPAR DEPOSITS OF
WESTERN KENTUCKY.

1

By E. O. UrricH and W. S. TANGIER SMITH.

PART 1.—GEOLOGY AND GENERAL RELATIONS.
By E. O. ULricH.

CHAPTER L
INTRODUCTION.
LOCATION AND GENERAL FEATURES OF THE DISTRICT.

Geography and distinctive characters.—The fluorspar, lead, and zinc deposits
that were the subject of the investigations reported in this paper are situated in Liv-
ingston, Crittenden, and Caldwell, and adjacent portions of Christian, Trigg, and
Lyon counties, in western Kentucky, and in the counties immediately across the
Ohio River, in the extreme southern portion of Illinois. This area, constituting what -
may be aptly termed the Kentucky-Illinois fluorite distriet, contains also lead,
zine, and other minerals in subordinate quantities and values. It is usually con-
sidered a minor division of the leaﬂ and zinc districts of the Mississippi Valley,

distinguished from the other districts of the
valley. It differs from the other districts chiefly in the following respects: (1) In
the presence of basic igneous dikes; (2) in the abundance of fluorite and its almost
constant association with the lead and zinc ores; and (3) in the mode of occurrence

but is in some ways rather sharply

of the ores, which are found principally in true fissure veins that have resulted from
fracturing and subsequent faulting. In the other districts the lead and zinc are of
primary importance, while in this region the igneous dikes and the fluorite are the
primary or predominant features and the lead and zinc are only incidental.
Topography.—The surface of the area is generally rolling and more or less

irregularly broken. Some comparatively level uplands occur, but they are always
’ 15



16 LEAD, ZINC, AND FLUORSPAR DEPOSITS OF WESTERN KENTUCKY.

of rather small extent. The irregularities are due primarily to conditions resulting
from the abundant faulting to which the region has been subjected. Of these con-
ditions the principal one is that beds with very different powers of resistance to
erosion were brought to the same level by faulting. Among the less important
factors that have locally determined or modified the topography is the underground-
drainage system that prevails in the heavier limestone formations—a system that is
in some places conspicuous in its processes and results.

As a further result of the faulting it is found that none of the various topographic
types that would have been produced under more normal conditions could attain
more than very limited local development here. Faulting has also caused more
frequent combinations of types than occur in unfaulted areas that expose the same
or similar geologic formations. An interesting fact in this connection is that
most of the downthrown blocks, which at first must have formed more or less
sharply defined depressions, now form the most prominent hills and ridges. These
therefore afford excellent examples of the varying effects of erosive agencies on
rocks of different capacities to resist decomposition and removal.

Although the superficial inequalities produced by the faulting of the region may
never have been entirely obliterated, yet it is believed that the whole area was at
one time reduced to a nearly level or only gently undulating plain. This plain
probably extended over a large part of the Ohio basin and, when formed, occupied
a position near sea level. Subsequent elevation caused increased, and, according
to the kind of rock encountered, differential erosion, the streams gradually cutting
their channels and dissecting the plain until now only small remnants of it are left
in the highest knobs. These remnants may be considered as outliers and projections
from the highland rim that incloses the district on the north and east sides.

EXPLORATION AND DEVELOPMENT.

Literature.—The earliest available published records of the occurrence of fluor-
sparand its associated mineral galena in the Kentucky-Illinois fluorite district appeared
in the first, second, and third volumes of the American Journal of Science, published
in 1818, 1820, and 1821. These ‘notices gave brief descriptions of specimens of
fluorspar obtained from some unknown locality near Shawneetown, IlL

In 1819¢ Henry R. Schooleraft described the occurrence of fluate of lime in
association with galena, blende, and pyrites about 3 miles back of Cave in Rock,
on the Ohio River. He found it at abandoned diggings embedded in stiff red clay
resting on oolitic limestone, and in a second description, published two years after,’
speaks of it as the ‘“detritus of preexisting veins.”” In the second edition of Cleve-
land’s Mineralogy, published in 1822, other localities in southern Illinois are men-

a A View of the Lead Mines of Missouri, by Henry R. Schoolcraft, New York, p. 191. ’
bTravels in the Central Portions of the Mississippi Valley, by Henry R. Schooleraft, U. 8. 1. A., New York, 1825, pp
189-196.
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tioned where these minerals had been found ““in the alluvial soil and sometimes in
veins in limestones.”

In 1846 D. D. Owen published a paper on lead deposits in southern Illinois.

In 1852 % Prof. George J. Brush published a brief notice of his visit to the mines
near Rosiclare, Ill. He described the galena as argentiferous, his specimens having
yielded 4 ounces of silver to the ton, and says that ‘an immense amount of remark-
ably fine quality of fluorspar could be obtained from these veins.”

The preceding notices refer only to occurrences of fluorspar and galena on the
north side of the Ohio River. Others mentioning galena only were published during
the same period, but on account of the wide distribution of that mineral are not
deemed of sufficient interest to be noted here. For the Kentucky side of the district
the earliest recorded geologic investigations in which the presence of fluorite and,
for the first time in the district, of blende, was recognized seem to be those carried
on in 18541857, during the progress of the first geological survey of the State of
Kentucky, by David Dale Owen and his assistant, Sidney S. Liyon. These investi-
gations were merely reconnaissances incidental to the determination of the western
margin of the western Kentucky coal field, which extends into the territory that
forms the subject of the present report. The results of these casual examinations
are embodied in brief notes and references which, with chemical analyses (made
chiefly by Robert Peter) of limestones, iron ores, and other materials from the region,
are scattered through the four reports of Owen’s survey of Kentucky. The notes
having principal interest in this connection occur on pages 86 to 88 of Volume I,
Geological Survey in Kentucky, 1856. Here Owen speaks first of the deposits of iron
ore, which he found to extend in a direction ranging from N. 18° to 20° E., and
which he was inclined to believe ‘“‘had their origin in fissures or lines of fracture of
determinate course and of large dimensions, whence an inexhaustible supply may
be obtained if ever the superficial masses fail.”’

Concerning the metalliferous veins he says:

“Immense veins of fluorspar, sometimes 50 feet in width, traverse the south-
western belt of the sub-Carboniferous formation. Two systems of veins are recog-
nizable; one set having a bearing N. 18° to 21° E., and cross courses running N. 54°
to 58° E.; the former of these systems has, therefore, the same course as the veins of
iron ore previously noticed. Both systems of veins afford sulphuret of lead; and
the former contains sulphuret of zine, and probably also sulphuret of antimony. * * *

““It is important to observe * * * that the lead mines of Derbyshire are
in a limestone underlying the Millstone grit, as in Crittenden County, and that the
sulphuret of lead is accompanied by the same veinstones. * * *

““As yet I have not observed any trap or toadstone, either cutting the sub-
Carboniferous limestones of Kentucky in dikes or 1ns1nuated horizontally into the

aQuart. Jour. Geol. Soc., vol. 6, p. 438, b Am. Jour. Sci., 2d ger., vol. 14, July, 1852, p. 112.
10696—No. 36—05——2
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stratification of the beds. = The presence of such igneous rocks in the Derbyshire
lead region is the only important traceable difference in the otherwise strong analogy
existing between the two formations. * * *

‘““The richest argentiferous galenas of this State which we have tested up to this
time, for the percentage of silver which they contain, have yielded about one part
in a thousand, or 32 ounces to the ton.”

Of Owen’s observations on the lead and zinc district of western Kentucky,
only his comparison with the Derbyshire deposits, which perhaps are closer than
he knew, and his recognition that the deposits occur in fissure veins, have proved
to be of permanent value. His statement concerning the highly argentiferous
character of the galena doubtless rests upon error. According to the best evidence
now available the maximum amount of silver to the ton of galena is probably less
than 5 ounces, and as a rule it seems not to exceed 2 ounces.

A. H. Worthen, in 1866, published a report on the geology of Hardin County,
Ill., embracing the results of examinations made by himself and Henry Engelmann
and a report by Dr. J. G. Norwood on the Rosiclare lead mines. Norwood’s inves-
tigations were made several years prior to 1858, probably about the same time
that Owen and Lyon were at work in western Kentucky. From these reports it
appears that the first discovery near Rosiclare of a vein containing galena and
‘ fluorspar was made in 1839 in a well on the Anderson property at Fairview. In
1841 the same vein, apparently, was found in digging another well, but, as in the
first instance, little attention was paid to it. The first attempt at mining was
begun in 1842-43, on a deposit discovered about two-thirds of a mile northwest
of the town of Rosiclare. Desultory operations continued on this, the Pell (or
Rosiclare) vein till the close of 1849. In the meantime some work was done on
the Anderson or Good Hope (now Mullin’s) vein, some 350 yards west of the Har-
rison diggings on the Rosiclare vein, but all operations in the region were suspended
in or before 1850. Doctor Norwood’s report mentions four veins in the vicinity
of Rosiclare, bearing from N. 30° to N. 35° E., and briefly describes the work done
on each. In conclusion, he advises ‘“the prosecution of the work, provided a
sufficient amount of capital can be invested to insure the veins being worked in a
proper manner.”” Worthen adds certain details and also notes on other galena
and fluorspar prospects in Hardin County. He regards the veins as ‘“probably
gash veins, formed by the shrinkage of the strata, and consequently as confined to
the group or set of strata in which they.appear; but as this group may be as much
as 300 or 400 feet thick in this county, it affords an ample field for mining opera-
tions.” An analysis of the galena by Prof. J. D. Whitney is said to have afforded
silver “ amounting to as much as 9 ounces to the ton of ore.”

The next study of which we have any published account was made by Charles

a Geol. Survey Illinois, vol. 1, 1866, pp. 350-375.
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J. Norwood in 1874.¢ His report is entitled “Report of a reconnaissance in the
'lead region of Livingston, Crittenden, and Caldwell counties, including a sketch
of their general wealth.” The more important conclusions reached by Norwood
are contained in the following quotations from his report:

“There appear to be two classes of veins in the lead region of southwestern
Kentucky, both deriving their lead from the same source. In one the lead occupies
the upper part of a true vein, as is the case at the Royal mines, Livingston County,
and in the other the metal fills incidental cracks, fissures, and cavities in the lime-
stone. This latter class is not so persistent in longitudinal distance as the former,
nor is there any definite calculation to be made as to the depth to which the lead
extends. But when at all rich in lead, they seem to be more valuable, in propor-
tion to their extent, than the first class, in that the lead is more concentrated.”

Speaking of the Columbia mines he says:

“My opinion is, however, that the lead does not occur in true vein fissures,
as is generally supposed. We may reasonably suppose cavities and long fissures,
extending in various directions, to have existed in the limestone previous to the
formation of the lead deposits as they now exist. There is scarcely any other way
to account for the fissures, and, consequently, to determine the nature of the deposits,
than to suppose that they are due in part to shrinkage of the strata and in part to
the action of water in washing out cavities and cutting channels through the lime-
stones, as the rocks in which the greater portion of the lead occurs are nearly hori-
zontal, showing no evidence of disturbance. These fissures may extend for a
mile or more or for only a few hundred yards, and, similar to caverns, have a general
though irregular course. From the manner in which the lead has been obtained
at these mines I am induced to believe that the greater portion, if not all of it,
associated with fluorspar, cale spar, and blende, occupies just such irregular fissures
and openings in the limestone, forming what may be termed segregated veins and
deposits. This would lead to the conclusion that the galena was originally inclosed
in the overlying rocks, which have wasted away and allowed the lead to be pre-
cipitated in solution, filling the cracks, cavities, and fissures in the rocks below.”

While a member of the Geological Survey of Kentucky the writer made an
extended investigation of the geology and mineral resources of the field under
consideration. This investigation began in the fall of 1888 and continued through
the greater parts of the following two years. Unfortunately the survey was dis-
continued on account of lack of funds before the reports on Caldwell and Crittenden
counties, which were nearly completed, could he submitted for publication. That
the people chiefly interested might have some benefit from the work, arrangements
were perfected between the management of the Crittenden Press, of Marion, Ky.,
and the writer, in accordance with which that newspaper published, December 18,
1890, a map of Crittenden County and a brief report on the geologic formations
and the veins and mineral deposits found in the district. Several editions of this

a Geol. Survey Kentucky, 2d ser., vol. 1, 1876, pp. 449-493.
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map and report have been issued since that date. The map located nearly all of
the principal fault lines along and in which the mineral deposits occur, and proved
particularly useful to prospectors in Crittenden and Livingston counties.

In 1893 S. F. Emmons published an important paper on fluorspar deposits of
southern Illinois.« Beginning with a brief history of mining in the region, the
paper then devotes nine pages to a description ot the geology of the region and a
résumé of the opinions of previous observers concerning the character, distribu-
tion, and origin of the deposits of lead and associated minerals in the Mississippi
Valley. In the remaining eleven pages the author briefly states the results of his
own investigations in the region and mines around Rosiclare under the following
subheads: ““Surface features,” ‘“Mines,” ‘“Underground development,” “Con-
tinuity of fissures,” ‘“Manner of formation of deposits,” and ““Origin of vein mate-
rials.”” All of the original observations in this paper are interesting and most of
them are probably of permanent value. The recognition of the breaking up of
the general line of fracture en echelon is a discovery of some importance in the
economic development of the whole district. The observations of this writer,
especially those of a more theoretic nature, are discussed in some detail by Doctor
Smith.

The above list and digest of the printed record of the discovery of minerals
and the mining operations in this district is probably incomplete, yet it is believed
to contain all papers or books having either scientific or economic value in the
development of the district. Subsequent to 1893, and more especially during the
past five years, numerous relatively unimportant newspaper articles treating of
the district as a whole or in part and a few detailed descriptions of certain mines
in Kentucky, notably the Old Jim,” haves appeared. Some of these doubtless
exerted considerable influence in the way of interesting capital, but they are not
of a kind to require notice here.

Mining—Lead was obtained from this region in a primitive manner by the
early settlers, and most of the earlier mining was for this mineral, though the
Columbia mine and the Royal mines were first worked for silver. The first fluor-
spar shipped was from the Yandell mine, about 1873 (%), and in the following year
fluorspar from the Memphis mine was put on the market. Lack of transportation
facilities, which had resulted in the abandonment of lead mining as unprofitable
on the lowering of the market value of that mineral, soon caused the interest in
the working of the fluorspar deposits also to abate, and it is only within the last
five or six years that activity has been renewed. The years 1900, 1901, and 1902
saw the organization of the majority of the companies now working in the district.
Many of the old mines have been reopened and extended, and more or less system-

aTrans. Am. Inst. Min. Eng., vol. 21, pp. 31-53. b Eng. and Min. Jour., vol. 74, 1902, pp. 413-414.
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atic prospecting is being done. Further details of the past and present operations
at some of the more important mines are given by Doctor Smith in Chapter III of
Part I1.

Recent geologic work in the district.—During the summer and fall of 1902 a
party consisting of the writer and Dr. W. S. Tangier Smith, with two field assistants,
Messrs. A. F. Crider and F. Julius Fohs, was engaged in an extended investigation
of the fluorite, zinc, and lead deposits of western Keﬂtucky, and, in less detail, of
those occurring on the north side of the Ohio River in Pope and Hardin counties,
Ill. This work was carried on under a plan of cooperation between the United
States Geological Survey and the State of Kentucky. In July, 1903, the writer
again visited the Illinois side of the district, in company with Mr. H. Foster Bain,
who is preparing a similar report on the Illinois mines, and then crossing over
into Kentucky spent a final week there in the determination of doubtful points.

Prior to these investigations by members of the Federal Survey, the writer
spent the greater part of two years (1889 and 1890), while attached to the Geolog-
ical Survey of Kentucky, in the same territory. By combining the results of these
disconnected studies it is now possible to describe in considerable detail the ore
deposits and the systems of fractures and faults in and along which they occur, as
well as the geologic formations and their geographic distribution. In the absence
of satisfactory maps, especially topographic maps, some inaccuracies of delineation
and description are to be expected. It is, however, believed that these imperfec-
tions are confined to points of minor consequence, particularly to a lack of detail -
in presentation, and that they include only a small proportion of errors of obser-
vation and interpretation of important facts.

It is a pleasant duty to acknowledge that during the course of the writer’s
recent and earlier work he has met with hearty encouragement from all persons
interested in the development of the district. To many of them he is indebted
for material assistance and for information that could not have been procured
except through their kindness.



CHAPTER II.
STRATIGRAPHIC GEOLOGY.

GENERAL STATEMENT.

Although based chiefly on the fuller investigations carried on in the southern
half of the Kentucky-Illinois lead and zine district, the following description of the
stratigraphic geology applies also, though in less detail, to Hardin and Pope counties,
IlI. These two counties embrace the more important parts of the northern half
of the district.

No complete section of any of the Mississippian formations, save in the Tulla-
homa outcrop, on the south side of the Ohio shale areas, in Hardin County, Il1., has
been observed within the region that forms the subject of this report. This is due
partly to lack of exposures, but more especially to the extremely faulted character of
the area. Owing to this faulting, the areal distribution of the formations is very
irregular and patchy. By means of careful paleontologic and lithologic compar-
isons, however, it has been possible to determine the sequence of the disconnected
beds and thus to construct columnar sections that, it is believed, will serve the
purposes of fairly accurate stratigraphic work. The results of the stratigraphic
investigations in the district have been checked with published sections of the
formations represented in neighboring parts of Illinois, Kentucky, and Missouri,
but more particularly with the writer’s own studies of the Mississippian rocks in
the same areas and elsewhere.

No rocks older than Carboniferous outcrop on the southern side of the Ohio
River in this district. On the Illinois side, however, Devonian black shales, doubt-
less representing the Ohio shale of Ohio, Indiana, and eastern Kentucky, and the
equivalent Chattanooga shale of eastern and western Tennessee and Alabama,
come to the surface in two small areas, apparently at the top of a dome-like
stratigraphic elevation near the middle of the western fourth of Hardin County.
Encircling these Devonian shales are rough hills, composed principally of sili-
ceous shales and limestones, with very abundant layers of chert belonging to the
Tullahoma formation, which here, as in western and middle Tennessee, constitutes
the basal division of the Mississippian series of rocks. The Tullahoma formation
is the oldest of the rocks outcropping in the Kentucky counties of the district,
but even this formation has been definitely recognized at only a few points in the
territory covered by this report.
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The succeeding group of rocks, for which the new name of Meramec group is
proposed, constitutes the surface formation over several large and many smaller
areas, all together aggregating nearly one-third the area of the entire district. In
previous reports the rocks of this group have generally been correlated either as
strictly equivalent to the St. Louis limestone or as equivalent to only part of it;
but, as was shown by a study of the rocks in the vicinity of St. Louis, Mo., and
corresponding beds elsewhere, the common broad conception of the St. Louis is
based on faulty correlation and an unjustifiable downward extension of the limits
originally assigned to that limestone.

Following the St. Louis limestone, which is the upper member of the Meramec
group, came the first deposits—generally oolitic limestones—laid down in the greatly
restricted sea with which the Chester age began. These earliest deposits of a
group of rocks that subsequently attained wide geographic distribution form the
Ste. Genevieve limestone, a formation described by Shumard many years ago from
exposures at Ste. Genevieve, Mo.

The second formation of the Chester group is a sandstone, usually massive and
sometimes divided into an upper and lower member by a thin limestone. To this,
the “Ferruginous sandstone’” of Swallow, have since been given several geographic
names, the oldest of which, Cypress sandstone, of Henry Engelmann, is here adopted.
Like the Ste. Genevieve, it also is restricted geographically when compared with
the succeeding formations of the group.

The third formation of the Chester is again a limestone, to which the new name
Tribune limestone is applied. So far as geographical distribution, persistence of
lithologic characters, and volume are concerned, it is the principal limestone of the
group. It forms a recognizable part of the stratigraphic column in most areas in
which the Chester group has been found. In the Mississippi and lower Ohio valleys
the Tribune limestone is a well-developed lithologic unit, with heavy sandstones
beneath and mostly arenaceous and shaly rocks above. Along the edges of the
Cumberland Plateau, however, it is not easily distinguished from calcareous beds
that are equivalent to the overlying Birdsville formation.

The fourth formation of the Chester group, and the last of the Mississippian
series, is a locally important but extremely variable succession of sandstones, shales,
and limestones, for which the name Birdsville formation is proposed. The top of
the formation in particular varies greatly in different sections, some containing
at least 100 feet of strata that are lacking in others. This variation at the top
doubtless is due mainly to erosion to which the surface was subjected prior to
the deposition of the next succeeding strata, but also, no doubt, to shoaling
and consequent cessation of deposition locally indicated in the final stages of the
group.
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Except possi‘ble small outliers of true Coal Measures near the Tradewater River,

in Crittenden County, Ky., the highest Paleozoic formation in the district is
- a variable, generally coarse, and often conglomeratic sandstone of Pottsville age,
for which the name Mansfield sandstone, used in recent reports of the Indiana

Geological Survey, is adopted.

TABLE OF FORMATIONS.

The following table shows the stratigraphic relations and the equivalents of
the Paleozoic rocks of the district:

Table of formations in the Kentucky-1llinois fluorite district.

_g NAMES OF FORMATIONS AND MEMBERS SYNONYMS AND EQUIVALENT FORMATIONS IN THE
g USED IN TH1S WORK. MississIPPI AND LOWER OHIO VALLEYS.a
>
% v =
g |BoE Mansfield sandstone of Indiana. Coal Meas-
E é"g‘ a Mansfield sandstone. ures conglomerate of western Kentucky.
S g o .
% & | Birdsville formation. Kaskaskia limestone of Hall. Chester lime-
28 stone of authors. Huron formation of
< & recent Indiana reports is same as Birds-
. :2 .2 | Tribune limestone. ville formation.
& =
=
2 C dst Aux Vases sandstone of Keyes. Probably
f_f’ ypress sandstone. also Big Clifty sandstone of Norwood.
o || 2 :
2 g 2 Ohara limestone. T b corred ¢ .
= o B . _ | Two upper members referred to as lower
= ?3) Ste. Genevieve Rosxclatre sand Chester by Worthen and Engelmann.
.12 limestone. stone. Entire formation referred to as St. Louis
<1518 Fredonia oolitic | by Norwood.
3 é = limestone.
% £ | 8t. Louis limestone. St. Louis limestone of most authors, but not
.z 5 of Engelmann, Shumard, and Swallow,
= & . who do not include two lower formations
g Spergen limestone. in the St. Louis limestone. The two up-
g Kfr formations equal, respectively, the
£ . . itchell limestone and the Bedford oolitic
% Warsaw formation—lacking. limestone of recent Indiana reports.
e £ Keokuk limestone.
8 é’g 2 Burlington limestone. | Harrodsburg lime-
% E Tullahoma formation stone (typical)
2l5ua ) Various formations of anal_Knobstone of
g e the Kinderhook | Indiana.
i < 5o group. .
&
S New Albany shale of Indiana reports. Chat-
Devonian. | § § Ohio shale. tanooga shale. Grassy Creek shale of
s ) Keyes.

aThe matter in this column is generalized and ix';complete. It will be given in greater detail in a work on the Paleozoic
section in the Mississippi Valley soon to be published by the writer.
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The classification of the Mississippian formations in the above table differs
in several respects from any heretofore published. Full arguments favoring the
innovations will be presented in a work on the Paleozoic section in the Mississippi
Valley, now being prepared for publication. This work will contain also a discus-
sion of all the broader stratigraphic problems, so that the following description
of the formations embraces little matter that is not required to show their strictly
local characteristics.

DEVONIAN.

OHIO SHALE.

This is a black or dark-gray fissile shale that comes to the surface in two small,
irregular, basin-like areas in the western part of Hardin County, Ill. These two
areas occur apparently at the summit of a single, dome-like elevation of the strata,
the separation of the shale outcrops, if there are not really two subordinate summits,
being the result of incomplete erosion, which left a ridge or divide composed of
the rocks of the next higher formation between them. In the western of these
areas the shale is exposed at short intervals, aggregating perhaps a half mile, along
Hicks Branch of Grand Pierre Creek. In these exposures it seems as a rule to
dip strongly, but the direction of the dip is so variable and the exposures are so
limited that the total thickness of shales brought to the surface can not easily be
estimated. According to Worthen and Engelmann® ¢ the entire exposure does not
exceed 20 or 25 feet in thickness,” but Mr. H. F. Bain and the writer, who visited
the locality together, estimated the thickness at not less than 50 feet and as possibly
more than 100 feet. '

At the western edge of the outcrop a layer was observed that is regarded as
representing the one commonly found at the top of the formation in middle Ten-
nessee.® It is only a few inches thick, contains nodular masses, and a variable
quantity of grains of glauconite. The latter impart a more or less distinct greenish
tint to the layer. Next above it come gray shales. No fossils were observed.

Although there is little besides stratigraphic position and lithologic characters
on which to base the reference of this black shale to the Ohio formation, it is so
referred with the utmost confidence. In every feature this Hardin County shale
is practically identical with many of nearly a hundred exposures of this formation
examined by the writer in Kentucky, Tennessee, and Ohio. From Lake Erie
southward to northern Georgia and westward to this district the Ohio shale is remark-
ably constant in its lithologic characters. Despite this constancy the formation
has received a number of names. The name Ohio shale, proposed by Andrews,’
the oldest of the geographic names applied to this formation, is here adopted.

a Geol. Survey Illinois, vol. 1, 1886, p. 352.
b Description of the Columbia quadrangle: Geological Atlas U. S.. folio 95, U. 8. Geol. Survey, 1903,
¢ Geol. Survey Ohio, Rept. Prog. for 1869, p. 62.
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CARBONIFEROUS.
TULLAHOMA FORMATION.,

Lithologic characters.—The Tullahoma formation in this district is at the
bottom a gray, clayey shale, that farther upward gradually includes more and
more siliceous and calcareous matter until, from about the middle of the formation
upward, it is a highly siliceous and more or less earthy limestone. In exposures of
its lower half or two-thirds the silica is contained chiefly in plates of often flinty chert,
averaging about 4 inches in thickness, separated by from 2 inches to several feet
of shales. By dividing the total thickness—from 200 to 250 feet—observed along
Hicks Branch in Hardin County, Ill., into 50-foot intervals, the change in lithologic
character may be expressed as follows: In the basal 50 feet the shales predominate
in the ratio of about 2 to 1. In the next 50 feet the layers of shale and chert con-
stitute about equal proportions of the mass, whilé an occasional layer of limestone
is intercalated. In the third 50 feet the shale decreases to little or nothing, while
the alternating limestone and chert bands are about equally important. In the
fourth 50 feet shales are practically absent, the limestone has become somewhat
heavier, though irregularly bedded, and the chert proportionally rather less
abundant and inclined to form flattened nodules instead of even plates. At the
top there are 25 feet or more very slightly cherty, light-colored, massive or laminated
limestone, containing fenestellid Bryozoa. These probably pass into semioolitic
limestones.

The light-colored, subgranular, and only very slightly cherty limestones
observed at the top of the formation in Hardin County, Ill., do not strictly belong
to the Tullahoma. As understood by the writer, they occur above the unconformity
separating the Tullahoma from the formations of the succeeding Meramec group,
and should therefore be referred to the latter group. However, in mapping the
area in Hardin County containing the Ohio shale and Tullahoma formation, Mr.
Bain found it convenient to draw the basal line of the overlying formation at the
horizon of the first appearance here of a common and easily recognized genus of
corals (Lonsdaleia or Lithostrotion), and to refer these earlier limestones of the
Meramec group to the underlying extremely cherty and shaly formation, which
alone should bear the name Tullahoma. Had the upper limit of the Tullahoma
chert been drawn also, the interval between it and the fossiliferous chert of the St.
Louis imestone above would have corresponded with the Spergen oolitic limestone,
which in this area forms the base of the Meramec group. In the proposed final
mapping of the area the lower line should be traversed and the Spergen limestone
eliminated from the area of the Tullahoma as now mapped.

The topographic aspect of the typical Tullahoma is extremely rugged. The
undecomposed stratified rocks themselves are but rarely seen, having been observed
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only in the beds of the streams that cut through the rims of the small a1eas of Ohio
shale in the western part of Hardin County. Generally the surface of the ground
is covered with blocks of dense chert. The residual clay containing the liberated
chert is commonly of a yellowish-gray color, sometimes with a tinge of red, but
the red is never so pronounced as in the residual clays of the overlying cherty
members of the St. Louis and Ste. Genevieve limestones. < As to the loose blocks
of Tullahoma chert, they may generally be distinguished by their brick-like form,
showing as a rule quite clearly that they are fragments of even plates and not of
rounded nodules, like those characterizing the St. Louis. In certain parts of the
Ste. Genevieve limestone plates of chert occur also, but in this case the chert is
nearly always porous.

Occasionally the layers of limestone and apparently the shale as well are
entirely decomposed in situ, exposures in such cases appearing as generally yellowish
clay seams, often gritty, alternating with thinner and thicker layers of dense chert.
Such an exposure occurs opposite the mouth of the Western Tube Company’s
fire-clay mine near Smithland. In other cases, notably in the Tullahoma outcrop,
3 miles west of Princeton, the whole of the decomposed siliceous mass has the
appearance of a homogeneous bed of tripoli-like material.

Fossils occur so rarely in this formation that to call it barren would fall little
short of strict truth. But their very absence gives us one of the best means for
discriminating between similarly chert-covered areas of this formation and the
St. Louis. In the latter a search of only a few minutes will rarely fail to be rewarded
by the discovery of at least a few fossils.

Outcrops.—The largest and most satisfactory outerop of this formation in the
Kentucky-Ilinois district forms a rim of hills inclosing the two Ohio shale valleys
in the western part of Hardin County, IIl. So far as known the formation does
not reach the surface at any other point within this and the adjoining county of
Pope, in Illinois. On the south side of the Ohio River there are several outcrops
within the counties embraced in the area mapped, but in the limited time that could
be devoted to the work it was not possible to distinguish them satisfactorily from
the overlying formations of the Meramec group. Only two outcrops, therefore, are
indicated on the maps, and these without any intention to delineate their borders.
One of these includes the fire-clay mines of the Western Tube Company, located
about 2.5 miles southeast of Smithland. The other is in Caldwell County, 3 to 4
miles west of Princeton. Still other Tullahoma areas occur ‘“between the rivers”
in Livingston and Lyon counties.

Contemporary formations in other regions.—This formation was first studied by
Safford in middle Tennessee, and for nearly a half century it constituted the lower
or ‘“Protean’” member of his Siliceous group. In 1900 he proposed to distinguish

a Geology of Tennessee, 1869, p. 338.
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it under the name Tullahoma formation.“ Except the shaly basal member, which
is generally wanting in that region and which was not included in that formation,
the Tullahoma is equivalent to the Fort Payne chert of the southern Appalachian
region. It represents also in time, though it is very different lithologically, the
whole of the Waverly series of Ohio and eastern Kentucky, the Knobstone and the
Harrodsburg limestone of Indiana, and the Kinderhook and Osage divisions of the
lower Mississippian series of rocks as developed on the southern, western, and
northern flanks of the Ozark uplift and in the upper Mississippi Valley. The type
of deposits of this time that is distinguished as Tullahoma seems to be limited to
an area lying southwest of an irregular line connecting eastern Tennessee and St.
Louis, Mo. Along the western half of this line the cherty rocks of the Tullahoma
merge rather gradually into the more argillaceous and arenaceous Waverly and
Knobstone groups lying farther north.
MERAMEC GROUP,

Of the three divisions of the Meramec group named in the table of formations
on a preceding page, only the Spergen oolitic limestone and the St. Louis limestone
are distinguishable in this district. The lowest division, the Warsaw formation, is
possibly in part equivalent to the lower part of the Spergen limestone, but as the
occurrence of rocks of that horizon in the outcrops of Spergen limestone southeast
of Ste. Genevieve, Mo., can not now be either definitely denied or affirmed it seems
best provisionally to regard the Warsaw as restricted to areas north of Ste. Gene-
vieve. Along the Meramec River west of St. Louis all three divisions of the group
occur in direct sequence.

SPERGEN LIMESTONE.?

Lithologic characters.—The Spergen limestone is distinguished from the typical
St. Louis limestone, with which it has heretofore been generally grouped, by its
more or less oolitic character. In this district it has very nearly the same characters
as the equivalent Bedford oolitic limestone of Indiana, but the proportion of the
oolitic layers to the whole mass is less than in Indiana. The oolitic layers are com-
monly of lighter or darker shades of gray, or of buff or drab, the color as a rule
contrasting very well with the nearly white or very light gray color of the later
oolitic limestones of the Ste. Genevieve and Tribune limestones. The comparatively
dark color of the Spergen oolitic limestone in this area and in Indiana is caused by a
liberal sprinkling of small black or dark-gray specks through the mass of the rock.
Interbedded with the oolitic layers, which are generally massive, are usually thinner
layers of various kinds of limestone, and occasionally thin seams of yellowish shale.
At the base of the thickest sections there may be as much as 20 feet or more of

a Elements of the Geology of Tennessee, 1900, p. 143.
b 8t. Louis limestone, in part, of authors, and includes Bedford oolitic limestone of Indiana geologists.
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subgranular or fine-grained, often laminar and very light gray limestone, filled with
fenestellid Bryozoa. Outcrops of the formation are easily distinguished from the
formations next above and beneath it by the comparatively small amount of chert
contained in its residual clays. As it is an overlapping formation its total thickness
varies greatly in different localities. In Indiana this ranges from a few feet to over
80 feet. In this district it may reach 125 feet, but as a rule it probably does not
exceed 100 feet in the outcrops.

Topography.—On account of the comparatively small amount of chert liberated
in the superficial decomposition of this formation, its outcrop usually forms arelatively
even band between the.chert-covered and often rugged outcrops of the formation
on each side. However, since the abundant faulting of the district prevented the
occurrence of large areas of this usually deeply buried formation, it can have no
very obvious effect upon the topography of the district as a whole.

Paleontology.—This is the formation from which was procured the well-known
Spergen Hill, Indiana, fauna, consisting of a large number of mostly diminutive
species of gasteropods, pelecypods, and brachiopods, with fewer bryozoans, corals,
ostracods, and trilobites.

The fauna of the Spergen limestone was originally described by Hall¢ without
illustrations, but in 1882 Whitfield? republished the descriptions, together with
good illustrations of the species. In the following year Whitfield’s plates were
again published by Hall¢ with the original descriptions, but the latter are much
improved by the addition of comparisons hitherto unpublished. It is to the last
work, then, that the attention of the student wishing further knowledge of this
interesting and in many respects remarkable fauna is directed. It has a special
interest for this region, because it reappears with very slight modifications in the
Fredonia oolitic member of the Ste. Genevieve limestone, and again in the similarly
oolitic part of the Tribune limestone.

This fauna, however, can not by any means be said to be evenly distributed
geographically, and in this district it seems to occur only sparingly. Nor can it
be procured anywhere else in the Spergen limestone so abundantly or in as good
free specimens as at the localities in Indiana from which were obtained the speci-
mens originally described. These remarks apply more particularly to the diminu-
tive mollusks which are found locally in Indiana in great abundance. The larger
species, especially of the Bryozoa and Brachiopoda, are more generally distributed,
but, unfortunately, these types, with few exceptions, occur also in the overlying
St. Louis limestone. Of these larger species the following are the most frequently

aTrans. Albany Inst., vol. 4, 1856, pp. 3-34.
bBull. Am. Mus. Nat. Hist. No. 3, 1882.
¢Twelfth Ann. Rept. State Geologist, Indiana, for 1882, pp. 319-375.
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found, those prefaced by an asterisk (*) being, so far as known, restricted to the
Spergen limestone:®

Monilopora, sp. undet. Fenestralia st. ludovici Prout.
Lithostrotion? prolifera (Hall). Polypora biseriata Ulrich.
Pentremites conoideus Hall. Polypora varsoviensis Prout.

* Fistulipora spergenensis Rominger. * Rhipidomella dubia Hall.
Stenopora tuberculata (Prout). Productus punctatus?

* Dichotrypa flabellum (Rominger). Spirifer keokuk littoni Swallow.
*Glyptopora michelinia (Prout). * Spirifer tenuicosta Hall.
Fenestella serratula (Ulrich). Dielasma formosum Hall.
Hemitrypa proutana Ulrich. Dielasma turgida Hall.

Distribution.—As stated on page 26, the Spergen limestone is included in the
Tullahoma formation in the provisional mapping of the west-central part of Hardin
County, Ill., by Mr. Bain. It there forms a narrow band on the outer border of
the underlying true Tullahoma, and this in turn surrounds the Ohio shale outerops,
which occur near the apex of a truncated dome. On the Kentucky side of the
river several areas were observed in the southern parts of Livingston and Lyon
counties; also one in the northern part of Crittenden County, where it outcrops
as an oolitic limestone for a mile or two along the west side of the Larue fault.
The last area is indicated on the map, but without any attempt to delineate its
borders. Because of the unusual difficulties encountered in mapping the areal
distribution of the formations in this district and the short time at disposal the
differentiation of the formations beneath the Ste. Genevieve was not attempted
except in the case of a block of this limestone at Livingston chapel, in the region
south of the Cumberland River. North of this river only a single outcrop of Sper-
gen limestone (above mentioned) is known. Though not observed, it is believed
to occur in the undifferentiated Meramec-Tullahoma area west of Princeton.

Nomenclature.—This formation takes its name from Spergen Hill, near Har-
ristown, Ind., where the fossils known as the Spergen Hill fauna were procured
and described by Hall nearly fifty years ago. Until recently the formation was
not distinguished, the limestone bed, which is mainly oolitie, being referred some-
times to the underlying Keokuk, or, more commonly, to the overlying St. Louis.
As the fauna characterizing the bed has always been, and doubtless will continue to
be, known as the Spergen fauna, the same name is preferred for the formation. In
recent reports of the Indiana Geological Survey, Hopkins and Siebenthal employ
the name ‘ Bedford’’ for the formation. As this name has been in constant use for
another formation in Ohio since 1871, Cumings rejects ‘‘ Bedford” and proposes
“Salem” instead. However, both of these names are objectionable as formation
names, for they are widely and consistently employed as trade names of quarried
stone.

aThe paleontologic determinations in this work were nearly all made fifteen years ago. Time was lacking to revise
these for the present report except to the extent of bringing most of the generic references up to date.



LEAD, ZINC, AND FLUORSPAR DEPOSITS OF WESTERN KENTUCKY. 31

ST. LOUIS LIMESTONE.

Lithologic characters.—As developed in this region, the St. Louis limestone
consists of at least 300 feet, and possibly as much as 400 feet, of chiefly dark-gray,
rather heavy-bedded, and highly siliceous limestone. Interbedded principally in
the lower half are more pure, gray, crinoidal, and subcrystalline layers. Some of
the layers in the lower fourth contain small quartz geodes and often exhibit a
tendency to become shaly. The limestone of the upper half is on the whole much
finer grained than that of the lower half, and usually is also of lighter color. All
parts of the formation liberate chert on decomposition, but chert is particularly
abundant in the upper half.

These limestones are more readily decomposed than any other in Kentucky.
In consequence of the relative ease with which decomposition takes place, it fre-
quently extends to considerable depths, the chert-bearing residual mantle some-
times reaching a thickness of 50 feet or more. For the same reason the limestone
itself is rarely seen in natural outcrop except along rapidly eroding streams. As
a rule, therefore, the age of the St. Louis limestone areas in this region must be
determined chiefly by the character of the residual mantle. This, as stated, gen-
erally contains chert in great abundance, and it is by the character of its chert
that the formation may be recognized. It is usually of dense structure—occa-
sionally flint-like, rarely cellulose—yellowish or of various shades of gray, and
occurs mostly in rounded lumps ranging from 2 to 6 inches in thickness. Any
exposure in this area that exhibits a considerable number of such rounded, often
ball-like masses of dense chert, may be confidently referred to the St. Louis Hme-
stone. Similar rounded lumps of chert may occasionally occur in exposures of
decomposing Ste. Genevieve limestone, but these can always be distinguished by
their cellulose character.

In but gently hilly St. Louis areas, as in the vicinity of Irma, chert and rocks
of any kind are comparatively rare at the surface. This is probably due chiefly to
the proportional scantiness of wash on such areas and the consequent long contin-
uance of the decay of the surface. Occasionally, however, it may be due to the
less cherty nature of some of the beds of the formation, which in such cases may
be at the surface. In such gently undulating areas the soil is of lighter color
than usual, being yellowish rather than red, and this feature joins the topography
in denoting areas underlain by the Birdsville formation of the Chester group.

Topography.—As a rule, the topography of areas exposing the St. Louis lime-
stone, especially if they are small and contiguous to Chester sandstone areas, is
rather rugged. When they are of large size and contain parts distant from main
drainage lines their surfaces are sometimes so well protected from erosion by the
residual chert mantle that comparatively gentle undulations may prevail. How-
ever, on account of the readiness with which the limestone decomposes and the



EXPLANATION OF PLATE III

FOSSIL CORALS OF THE ST. LOUIS LIMESTONE.®

Fies. 1 and 2. Views showing parts of the top and side of a mass of Litkostrotion? canadense, the most
characteristic fossil of the St. Louis limestone.

Fies. 3 to 7. Views of three specimens of Lithostrotion? prolijerum Hall. TFig. 3 represents an unusually
well preserved example of a variety of this species, characterized by the great prominence and twisted character
of the columellar boss that rises from the floor of the calyx, and also by the relatively small size of the corallites.
The specimen is from Clarksville, Tenn. Figs. 4 and 5 show the sides and figs. 6 and 7 the calices of large
parent corallites, found at Eddyville, Ky. Fig. 5 shows a ring of young corallites budding from the lower part
of the parent.

These two corals have been for many years referred to the genus Lithostrotion, yet the columella is not
styliform, but is produced by the central elevation and intertwining of the tabul®, and the species can not,
therefore, belong to this genus. The structure of these corals is much nearer that of Lonsdaleia, but in the
almost chaotic state of our knowledge of Paleozoic corals the writer hesitates to make a change in generic
names.

a All the fossils illustrated in this report are contained in the *‘Ulrich collection,”” which now belongs to the United
States National Museum.

32





















ST. LOUIS LIMESTONE. 35

Fossils do not appear to be generally distributed through the upper 150 feet of
the formation, but the cherts resulting from the decay of certain unplaced layers
are often crowded with Bryozoa (chiefly Fenestellide), and Brachiopoda, apparently
all of species that occour also in the lower beds of the formation. Melonites and
Archeocidaris, the plates of which are common in the lower beds, have not been
observed in this part of the formation. Lithostrotion? proliferum also seems wanting
but L.? canadense is not uncommon.

Distribution.—Over nearly the whole of Liyon County and the adjoining greater
part of the southern half of Livingston County the St. Louis limestone is the surface
rock. This limestone area extends eastward several miles into southwestern Caldwell
County and, northeastward, between converging fault lines, as a triangular tongue
terminating on Flinns Fork, about 3 miles northeast of Princeton. The northern
boundary of this main area lies in Crittenden County, where it is cut off, east of
Clay Lick, by the Tabb fault and its subsidiary fractures, while west of that stream it
is limited by the Crittenden fault. Farther west it sends up other fault-bounded
projections, the largest being rhomboidal in outline and extending to a point about
3 miles northeast of the mouth of Sandy Creek. On the north and east, except
for 6 or 7 miles in southern Caldwell County, the boundary is everywhere defined
by faults; on the southwest by the Tennessee River, beyond which it is covered by
Cretaceous and Tertiary deposits. Southeastward the area continues around the
western Kentucky coal field and farther south into Tennessee.

Another large area borders the Ohio River and embraces the greater part of
the northwestern angle of Crittenden County. Northward it extends across the
river into Illinois. On the west it is bounded by the Deer Creek fault; on the
south and east by the Lerue, Corn, and other faults. On account of the abundance
of cross faults and subsidiary fractures, this border is very irregular, especially in the
region west of Sheridan, which also contains several triangular downthrown blocks
terminating superficially with rocks of later date.

The irregularity of the fault-defined boundaries of these large areas is greater
than can be shown with the scale to which the accompanying maps have been
drawn. It is especially evident where the downthrow is sufficient to bring the
formations of the Chester group to the level of the St. Louis limestone. In one set
of cases it is due to the disruption of the stratified crust along comparatively short
lines arranged en echelon and paralleling each other but crossing the average strike
of the fault; in the other, to the step-like arrangement of the strata by faults subsid-
iary to and paralleling a main fracture. The former type is well exhibited by
portions of the Tabb fault, the latter by the northern end of the Larue fault. The
faults of the district are discussed and described in detail in Chapter ITI, which is
devoted to the structure of the region.
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Besides the large areas above defined, there are three much smaller ones, all of
which lie within a few miles of the boundary line between Crittenden and Livingston
counties. The largest of these is traversed by Clay Lick and lies southwest of
View, between the Marion fault on the northwest and the Crittenden and Hodge
faults on the southeast. The second forms a narrow strip between the Marion and
Woods faults and extends southwestward from Pucketts Branch of Clay Lick to
the Cumberland River. The third, situated about 2 miles southeast of Salem, is
a small triangle between converging faults.

Nomenclature and correlation.—The St. Louis limestone derives its name from
St. Louis, Mo., where it was first studied and described by Engelmann in 1847, and,
more correctly and in greater detail, by B. F. Shumard in 1855.* According to
Shumard’s definition the formation is limited to beds above the oolitic limestones
for which the name Spergen formation is here adopted. This is clear from his
description, in which no important bed of oolitic limestone, as is now known to
occur in St. Louis County, is mentioned. The upper limit is defined by the base
of his Ste. Genevieve limestone. The last formation, however, is wanting, as are
also the succeeding formations of the Chester group at St. Louis, where this lime-
stone is succeeded unconformably by shales of Pennsylvanian age. Although it
contains on the whole more chert in western Kentucky than at the type locality,
there is no doubt that the limestone here described as St. Louis is strictly the same
formation as that exposed in the numerous quarries at St. Louis and in the bluffs
along the river below that city.

CHESTER GROUP.

CHARACTER AND SUBDIVISIONS.

This group of rocks consists of a variable series of limestones, sandstones, and
shales, which, for the sake of convenience in classification and reference, is separated
into four main divisions. These should take the rank of formations, discriminated
chiefly by lithologic differences. Considering their respective faunal aspects only,
there would be less reason for their separation. Still, the four formations, of which
two were distinguished and named years ago and two are now discriminated for
the first time, are not by any means devoid of fossils that so far appear to be charac-
teristic of each.

Except for a few plant remains most of the sandstones are unfossiliferous—
the massive ones nearly always so—yet certain of the more argillaceous and cal-
careous sandstones of the uppermost or Birdsville formation are often crowded with
remains of marine invertebrates. The limestones and interstratified calcareous
shales, however, always contain fossils, and consequently are of the first impor-
tance in determining special horizons.

a Geol. Survey Missouri, First and Second Ann. Repts., pt.2, pp.139,170,and 181.
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On account of the extensive and abundant faulting to which this region has
been subjected, it proved extremely difficult to construct a satisfactory section of
the rocks. The difficulties were especially trying in the case of this group of strata,
because the sandstones, which offer greater resistance to decomposition than most
other sedimentary rocks, are more commonly at the surface than the intercalated
limestones and shales. Sandstones, of whatever age, look much alike, and also are
subject to very similar variations. It is therefore no easy matter to determine
offhand and positively the stratigraphic position of any given outcrop of that rock.
But it was necessary to do so in many instances in this field, and the result has
shown that one may become sufficiently familiar with the local lithologic and other
peculiarities of sandstones even to make reasonably accurate determinations without
the aid of fossils.

In describing the various formations of the group an attempt will be made to
point out their respective characteristics, though it is recommended that the lith-
ologic determinations be verified as far as possible by paleontologic evidence.
Indeed, it is very doubtful whether one could acquire a clear and accurate conception
of the stratigraphy and structure of this region, and more especially of its Chester
and Mansfield areas, without considerable training in paleontology.

In the course of the writer’s work in the district in 1889 and 1890 every exposure
that might be believed to throw light upon the sucgession of the various beds of the
group was carefully studied and noted. The best, because least interrupted, sec-
tions were obtained along the east-west line of the Illinois Central Rai'way between
Princeton and Claxton. The Ste. Genevieve limestone is very well shown at Prince-
ton, and the Cypress sandstone caps the hills inclosing the valley on the north and
east. The upper part of the Tribune limestone also is shown in cuts along this rail-
road about 2 miles east of Scottsburg, while as satisfactory outcrops of the Birdsville
formation as can be seen in this field occur between these cuts and Claxton. The
lower third, as well as the uppermost beds of the section of the Birdsville, however,
had to be compiled from exposures found in disconnected areas.

The top of the group varies greatly in different sections, whole beds being absent
in some that are present in others. The two lower formations, the Ste. Genevieve
limestone and the Cypress sandstone, also vary considerably in character and thick-
ness, but in these cases the variations in volume are due chiefly to overlap and
nondeposition, while in the case of the top of the Birdsville it is caused principally
by early Pottsville erosion.
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GENERALIZED SECTION.

The succession of the beds of the Chester group, so far as known at present, is

about as follows: \

Generalized section of the Chester group in the Kentucky-Illinois district.
Mansfield sandstone, of late Pottsville age.

N Feet.
g \ Flinty limestone at the t0p. . ... ..o oo 0- 20
"é | Arenaceous shales above, hard, dark limestone and soft clayey shales below_.._.._ ... ....... 0-105
5 | Dark shale above and sandstone in two beds alternating with two beds of limestone below . . . 116-220
@ | An extremely variable series of shales, sandstones, and limestones, the last usually aggregating
E but a small part of the whole_ ... ... ... ... 225-350
< -
;:E Total thickness of Birdsville formation. . .. .. . ... ... ... i 400-680
§ A heavy body of light-gray or blue, mainly crystalline, limestone, interbedded with thinner beds
g of calcareous shale and rarely sandstone. Many of the limestones form massive beds, and
= some of them are semi-oolitic in structure. At least 100 to 150 feet thick here and possibly
§ reaching 200 feet locally.

2 | Maximum thickness of Tribune limestone about. . - . ... oo oooeom oo 200
=
E
8 | Quartzose sandstone, generally massive, but sometimes partly made up of oblique flags........ 60- 80
’g Bluish or gray, cherty limestone, usually affording an abundance of silicified Pentremites godoni.  0- 10
§ Massive quartzose sandstone. .. .. .l iiiiieeiiaieiiaaaa 0- 50
qm) [ —
E Total thickness of Cypress sandstone. ... ... i mi i 60-135
o

Shales, shaly limestone, and various kinds of purer limestones, most of them fine-grained, the

proportion of shale and limestone varying greatly in different sections=Ohara limestone

<

g

2

&

B | MBI - el 30-107

% Highly calcareous sandstone=Rosiclare sandstone member. .. ... ... .. ... ... . ...l 1- 25

'E Mainly oolitic limestones, white and light blue, interbedded with crinoidal, crystalline and fine-

g grained limestones.=Fredonia oolitic limestone member., Basenot seen... ... ._...._.._.. 113

%’. Total observed thickness of Ste. Genevieve limestone. .. ... ... .. ... .. . .. ...... 144-245
Total maximum thickness of Chester group.. ... .. ... .. .. . . ... .iciiiiaan 1,260

All the maximum thicknesses at one place would give a total of 1,250 feet or more
for the whole group, but according to the evidence in hand, which shows that some
of the beds vary in thickness for no other reason than unequal deposition, it does
not seem likely that the total thickness will exceed 1,100 feet at any point within
the counties of Crittenden and Caldwell. A hundred feet less would probably be
nearer the average for these counties, while in Livingston County 800 to 900 feet is
regarded as a reasonable estimate. The thickness of most of the beds seems to
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decrease toward the southwest from the edge of the western Kentucky coal field.
On the east side of the coal field the total thickness of the Chester is much less, as it
is also in Indiana. The reduction in this direction is due to overlap, the two lower
formations and, locally, a part of the Tribune limestone, being absent.

The more general characters of the group having been described, the four
divisions will now be considered separately and in detail.

STE. GENEVIEVE LIMESTONE (PRINCETON LIMESTONE).

General features.—In certain respects this is the most important limestone
formation in the district. In the first place it gives rise to the best upland soils
in this part of the State. Next, valuable or promising ore bodies are oftener asso-
ciated with it than any of the other formations. Finally, it represents, together
with the following Cypress sandstone, an interval in geologic history that has scarcely
been appreciated heretofore. So far as known, the interval has only in a few
areas east of the Mississippi River left a stratified record. The Batesville sand-
stone of northern Arkansas is probably a contemporaneous deposit, but the true
sequence of the strata and faunas can be determined only in the more complete
record preserved in this part of the Mississippi Valley.

The Ste. Genevieve limestone rests on the St. Louis limestone, but as an actual
contact between them hasnot been observed in this area it is impossible to describe
the local characters of either the top of the one or the base of the other. For the
present it is assumed that the St. Louis ends with the last of the highly cherty,
fine-grained limestones and that the Ste. Genevieve begins with the first of the
oolitic limestones making up the greater part of the basal member of the latter
formation. The assumption accords with facts observed in the corresponding part
of the section at Ste. Genevieve, Mo., where this formation was first studied and
from which it derives the name given it by Shumard. In the typical exposures
south of Ste. Genevieve the relations of the two formations are clearly shown, the
lithologic distinctions between the two being no less obvious than in this district.
The contact of the Ste. Genevieve with the underlying St. Louis, moreover, is dis-
tinctly unconformable.

Subdivisions.—The Ste. Genevieve limestone is divisible into three members
that are clearly distinguishable wherever the formation has been observed. The
lowest of these consists principally of oolitic limestones. An appropriate name for
this member is the Fredonia oolitic limestone, since good exposures occur in the
immediate vicinity of the village of Fredonia, in Caldwell County. The member
also forms the floor of the well-known Fredonia Valley. The middle member, a
well-marked datum horizon in the district, is a calcareous sandstone, for which the
name Rosiclare sandstone is suggested. Above this comes a variable member con-
taining more or less shale. Being well developed and perhaps better exposed in the
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quarries at Ohara, near Princeton, than at any other locality, this may be called the
Ohara limestone.

So far as observed, the Ste. Genevieve limestone has a maximum thickness in
this region of at least 250 feet. Possibly a full section would add as much as 50 feet
more to the base. So great a thickness as this—that is, 300 feet—probably could
occur only at localities where the Ohara member is present in full force, as east of
Princeton in Caldwell County, and at Rosiclare, on the north side of the Ohio.
Toward the western border of the district, where the Ohara member is much thin-
ner, the total thickness of the formation is likely to be correspondingly less.

Fredonia oolitic member.—In two continuous sections, both in Crittenden
County, one at View, the other between Bethel Church and Crittenden Springs,
at least 115 feet of beds belonging to this member were observed. The base was
not seen, but at top the exposure includes the Rosiclare sandstone and a part of
the Ohara limestone member. These 115 feet of rocks consist chiefly of white
oolitic limestone, interbedded with blue oolite and generally thin bands of sub-
crystalline and crinoidal limestones. Here and there a seam of green clay shale
occurs, and occasionally a bed of fine-grained argillaceous limestone. A single
layer of such limestone, frequently several feet in thickness, may be observed, in
most sections, about 60 feet beneath the top of the member. The white oolites
usually occur in massive beds and locally at least these strata should afford an
excellent building stone.

Since the base of the member has not been observed in the district it is impos-
sible now to give the total thickness. More detailed work in the field may possibly
result in the discovery of a locality where the contact with the underlying St. Louis
limestone may be seen. If not, then the point may be decided by a study of the
walls of some of the mines. In the meantime it is perhaps safe to place it at about
150 feet.

Rosiclare sandstone member.—This is a bed of calcareous, laminated sandstone,
usually 3 or 4 feet thick on the Kentucky side of the river, but varying here from
1 to 10 feet. North of the river, in Hardin County, IIl., it is heavier, the increase
in that county being from about 12 feet in the bluff at Rosiclare to 20 or 25 feet
along a line connecting Cave in Rock, Lead Hill, and Hicks. Under cover, or
when freshly exposed as in a quarry, it appears as a light greenish-gray, very finely
arenaceous, usually massive limestone. In natural exposures, however, most or
all of the lime is leached out, and in this condition it generally forms bare, light-
red or reddish-brown ledges of more or less laminated, soft, porous sandstone.
Very commonly the lamina are oblique and separated by open spaces.

In its weathered condition the rock resists decomposition very well and often
retains its integrity even after the limestones above and just beneath it have been
completely removed. Frequently the underlying limestone is locally decomposed
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and carried away by percolating waters, leaving a cavern beneath the sandstone.
In such cases the roof may fall in, causing the sandstone ledges to become inclined
and to assume relations to the adjacent undisturbed limestone ledges that some-
times very closely simulate the surface indications of a strong fault. . One who has
become familiar with this bed, in either the leached or the unleached condition,
can not confuse it with any other sandstone in the district. A layer of greenish,
marl-like, and wholly unfossiliferous shale, ranging from a few inches to 2 feet in
thickness, occurs so generally just beneath the Rosiclare sandstone that it is an
important aid in the recognition of the latter.

Ohara limestone member.—This member of the Ste. Genevieve formation is
more variable, both in thickness and lithologic character, than the lower member.
Its limestone layers are generally thinner and most of them are fine-grained and
earthy. They are also interbedded to a considerable but variable extent with
soft, greenish, calcareous, and clayey shales and so-called ‘“marls.”” Sometimes
these shales occur in beds from 2 to 6 feet thick. Among the limestones certain
layers may be shaly; others, especially those in the first 20 feet above the Rosi-
clare sandstone, may be oolitic, while an occasional layer higher up is more or less
clearly brecciated.

On the whole, the Ohara member contains more shaly matter and, possibly
in consequence, is slightly thicker in corresponding portions in Caldwell County
than in Crittenden and Livingston counties. Yet in the Rosiclare section (p. 43),
which shows a somewhat greater development of the Ohara than was observed at
any other point, it appears to consist almost entirely of limestone.

Sections of Ste. Genevieve limestone.—The variations suggested in the two pre-
ceding paragraphs will be better appreciated after a comparison of the following
three sections. The first of these sections is shown in the hill at the railroad quar-
ries (Ohara post-office) about 2} miles east of Princeton, Ky. Here practically
every foot of the upper 160 feet of the Ste. Genevieve formation is exposed to
view, the lower half of the section in the quarry and near-by sink holes, the upper
part in good natural exposures above the quarry to the top of the hill, which is
capped by the Cypress sandstone.

Sec. I.—Section of Ste. Genevieve limestone 2% miles east of Princeton, Ky.

Feet.

Massive Cypress sandstone, capping hill. .. . il 20
6. Impure and shaly limestone, mostly gray in color, massive at top, with a 4-foot, highly fossiliferous,
suberystalline layer just beneath the middle, and a similarly fossiliferous brownish limestone at
the base. Productus cestriensis and Productus sp. (near P. cora and tenuicostus) very abundant

in fossiliferous bands. .. ... . il 30

5. Dark-gray or drab, impure limestone, interbedded with shales and shaly limestone; the more argil-
laceous layers full of fossils, particularly a slender ramose fucoid (? Buthotrephis) and species
of Productus and Spirifering transversa. ...... ... ...l iiiiiiiaaaaan 27
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Feet.
4. Light-gray, impure, more or less shaly limestone, its upper part full of fenestellid Bryozoa; at

base a layer of purer limestone, 1 foot or more in thickness, filled with Productus cestriensis and
Potenuicostus .. . .o e e e eaaaaan 13
3. Mostly shaly limestone of light and dark shades of gray, containing very few fossils. Lower part
includes a bed of oolite about 5 feet thick, while the upper part contains a brecciated layer or
layers reaching a thickness of 4 feet. Under the weather the brecciated layers break up into
022] 0 o)1 U 30

Total thickness of the Ohara member. ... .. ... .. ... .. . iiiiiiaiiocio..... 100
2. Calcareous sandstone (Rosiclare sandstone), solid and greenish in unleached condition, reddish
brown and porous when weathered. ... ... ... _..._........... e 2
1. Mainly oolitic limestones, white, yellowish, or blue, interbedded with impure blue cherty limestone;
10 feet below top a coarse oolite is full of Pentremites florealis, Platycrinus huntsvillz, and other
fossils; 20 to 30 feet beneath top is another very fossiliferous bed containing the highly character-
istic corals— Lithostrotion harmodiies, Cystelasma quingueseptatum, C. rugosum, and Michelinia
subramosa—figured on P1. V. Fredonia oolite to base of exposure, about .. ... ... .. ... ... 60

Total thickness exposed here of Ste. Genevieve limestone. .. .. .. ... .. ... .eocoieooaaan. 162

The second section is made up of disconnected parts, observed mainly in the
vicinity of Bethel Church and Crittenden Springs, 4 to 5 miles west of Marion,
Ky. The region is about 24 miles northwest of the first section.

Skc. II.—Section of Ste. Genevieve limestone in Crittenden County, Ky., between Marion and Crittenden Springs.

Feet.
Cypress sandstone, massive except the basal 10 to 20 feet, which may be flaggy................. .. 40-100
6. Light-gray, generally massive limestone. .. . . ... ... . .. . iiieeiaiaaaan 0- 10
5. Greenish soft shales and thin-bedded limestone, extremely fossiliferous; Amplexus geniculatus
and Spiriferina transversa very characteristic.. . .. .. ... .. .. .. ..l iiiiiaiioio. 8 12
4. Massive, impure, gray limestone, breaking up into blocks under the weather; fossils very few,
chiefly Productus cestriensis. . .. . .. . o e e e 40
3. Covered, probably limestone. .. .. .. .. .. i 10
Total thickness of Ohara member. .. ... ... . ... . ieiiieeiieaaoan 58- 72
2. Rosiclare calcareous sandstone. .. . .. ... . ... iiiaiaaiaan 3
1. Mainly oolitic limestones, white and light blue, varying from thin-bedded to massive; interbedded
with crinoidal, crystalline, and fine-grained limestones, the last generally yellowish or brown;
near the middle a flaggy, deep-blue, semicrystalline limestone. Fredonia oolitic limestone to
base of exposure, about. ... ... . ieaaaiiann 113
175-188

The third section is a continuous one, exposed in the bluff on the Illinois side
of the Ohio River below Rosiclare. The locality is 12 to 14 miles northwest of
the second section and 38 to 40 miles from the first.
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Sec. IT1.—Section of Ste. Genevieve limestone in bluff on Ohio River below Rosiclare, I1l.

Feet.
Cypress sandstone, massive and quartzose, capping the hill..___. ... ... .. . .. . ... . ... 35
6. Brown and gray, argillaceous limestone, apparently interbedded with thin seams of shale, about . . 45
5. Shale and thin seams of limestone, extremely fossiliferous. . .. ... ... ... . .ol 10
4 and 3. Interbedded, impure, and semioolitic limestones, mostly heavy, though somewhat irregu-
Tarly bedded. . .. oo e e e 52
Total thickness of Ohara member... ... ........._..........__.... DS 107
2. Laminated, calcareous sandstone, thin-bedded, and reddish when weathered. Rosiclare sand-
170) 0 - < il *1
1. Fredonia oolitic member, gray, massive limestones, largely oolitic; to level of Ohio River, about. . 50
Total exposed thickness of Ste. Genevieve limestone. ... .. ... ... ... ... .. ... .. 165-169

In these and most other sections of the formation containing the horizons
three beds are easily distinguished from the rest, the first and third by their fossils,
the second by its lithologic character. The first, occurring usually from 20 to 30
feet beneath the top ot the Fredonia oolite, is characterized, as stated in the descrip-
tion of Sec. I, by several well-marked corals (Lithostrotion harmodites, Cystelasma
quinqueseptatum, and Michelinia subramosa—see P1. V). The second is the peculiar
Rosiclare sandstone, which intervenes between the Fredonia oolitic limestone
and the Ohara limestone member. The third is bed 5 of the above sections. It
may always be recognized in this district by its more than usually shaly character
and the great abundance of its fossil remains. The bed usually contains many
thin plates of limestone, consisting principally of organic remains. Nearly all the
fossils noted as occurring in the Ohara member in the tabular list on a succeeding
page are from this bed. It is to be noted, further, that the fossils increase in
abundance and variety as the argillaceous character of the bed grows more
pronounced.

By comparing the three sections it may be seen that bed 5 is proportionally
less different in its lithologic features from the overlying and underlying beds in
the Caldwell County section than in the Crittenden County and Rosiclare sections.
In the first section the argillaceous material is more evenly distributed through
the whole of the upper member, while in the second and third sections it is con-
centrated in bed 5, the preceding and succeeding beds of the formation being made
up of comparatively pure limestone.

In common with all the limestone formations of this district, the Ohara member
grows thicker in a northerly and northeasterly direction from the southwestern
border of the district. In the case under consideration it appears that the increase
in thickness is by the addition of layers at the top. In the vicinity of Crittenden
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Springs bed 6 may be wanting entirely, while it has not been observed here to
exceed 10 feet in thickness. North of the Ohio River, in the southern part of
Hardin County, Ill., it attains its greatest observed thickness, from 40 to 50 feet.
In the northwest corner of Hardin County, however, unless the apparent difference
is due to faulting, the Ohara member as a whole is much thinner than at Rosiclare.
Traced southwestward from Crittenden Springs to Salem and Puckett Spring, not
only bed 6, but bed 5 as well, is at least locally absent. Here the total thickness
of the Ohara member has not been observed to exceed 50 feet, bed 4 of the section
being succeeded by the Cypress sandstone. The same appears true of the section
exposed in the hills inclosing Clements Valley (View post-office), 4 to 5 miles south-
west of Marion, though here the top of the section is not well exposed and the
succession of the upper beds, moreover, is obscured by faulting.

In the Ste. Genevieve areas that lie farthest southwest, of which the area
containing Bissels Bluff and the outcrops near the Royal and Pittsburg mines
affords the best exposures, only the Fredonia member of the formation has been
satisfactorily identified; but on account of lack of time and opportunity for exact
observations on the point, it is not yet possible to say definitely that the Ohara
member fails entirely in that direction.

On tracing the formation through the southwestern half of Caldwell County,
from the vicinity of Fredonia to Princeton, and thence to the southeastern border
of the county, it was seen that the upper member maintains a nearly uniform
thickness, with bed 6 only varying in thickness from about 18 feet to 30 feet.
Farther southeast, however, as at Hopkinsville, Ky., where the Rosiclare sandstone
was observed and where the Fredonia member is very well exposed, the Ohara
member seems to be greatly reduced in thickness. From all the facts in hand
that bear in one way or another upon the point there seems to be no reason to
doubt that the Ste. Genevieve was deposited in a mere remnant of the broad area
covered by the submergence that prevailed in the St. Louis age, immediately
preceding the Ste. Genevieve age.

Topography of Ste. Genevieve limestone areas.—Wherever this formation is at
the surface it forms valleys, and, except the bottom lands along the main streams,
the lands in these valleys are by far the best in the district for agricultural purposes.
Sink holes occur frequently, especially in the narrower valleys, in which little more
than the upper member of the formation is exposed. They are particularly com-
mon along lines of fracture, and often serve to locate these. Where the lower
member is the surface rock—and this member usually, if not always, forms the
floor of the larger valleys—sink holes are less abundant, but they are generally
of larger size and frequently contain ponds.
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Paleontology of the Ste. Genevieve limestone.—Unfortunately the fauna of this
little-known geologic horizon has never been described. Its most characteristic
species are nearly all new to science and, being unnamed, are difficult to refer to
in an intelligible manner. A few of the more striking forms are illustrated on the
accompanying plates (Pls. V and VI), and the new species among these are briefly
characterized on the sheets explaining the plates. As to the other fossils, they
are mostly of long-known species. Some of these the formation holds in common
with the underlying St. Louis limestone; others, especially of the Bryozoa, indicate
an earlier appearance of species generally considered as characterizing the over-
lying Chester formations; while a considerable number, among them the most
common brachiopods, range without interruption and with little modification,
from the base of the Spergen Hill limestone of the Meramec group to the Tribune
limestone or even the Birdsville formation of the Chester. A partial list of the last
class includes the following species: Fenestella tenax, F. serratula, Stenopora tuber-
culata, Productus semireticulatus, Spirifer keokuk leidyi, Spiriferina norwoodt,
Dielasma formosum, D. turgidum, Reticularia setigera, Seminula trinuclea, and
Cleiothyris sublamellosa hirsuta.

The foregoing list does not take into account the characteristic elements of the
fauna commonly known as the Spergen Hill or Warsaw fauna, which reappears in
the oolitic Fredonia member and is less fully represented also in the shales of the
Ohara member. The Ste. Genevieve representatives of this fauna have been deter-
mined only in part, much of the material collected remaining yet to be prepared
for study. The species so far known are included in the following incomplete list
of Ste. Genevieve fossils and are distinguished by notation in a column devoted to
the Spergen fauna. In some cases the particular form is indicated by a number
instead of a specific name. This mode of reference, however, is employed only
when the species, which in these cases is notable because of its occurrence elsewhere
in higher or lower rocks, could not be satisfactorily identified with described species.
When the Ste. Genevieve form of a species is distinguishable as a variety from the
typical form of the species occurring only in the earlier Spergen and St. Louis or
later Tribune and Birdsville formations, or when for other reasons the identification
is doubtful, the fact is indicated in the columns showing vertical range by a question
mark. This mode of notation, however, is not employed when the same variety
is believed to occur with the typical form in the other formations.



EXPLANATION OF PLATE V.

CORALS OF THE STE. GENEVIEVE LIMESTONE!

Fies. 1-10. Michelinia subramosa . sp.

Fig. 1, under side of a slender corallum; figs. 2 and 3, upper and lower sides of a large example consisting of
six partly intergrown colonies; fig. 4, specimen consisting of three well-defined colonies; figs. 5 and 6, opposite
views of a corallum consisting of numerous irregularly grown colonies; figs. 7,9, and 10, three young coralla;
fig. 8, under side of a corallum in which the development of the colonies has resulted in a more distinctly ramose
appearance than usual.

This species is closely related to Michelinia eugenex White, described as from the Coal Measures of Indiana
and as forming small, rounded masses attached by a relatively broad base to foreign bodies. M. subramosa,
as may be seen from these figures, has a small basal attachment and by the successive development of colonies,
or clusters of tubes, finally produces more or less distinctly ramose coralla.

This coral is sometimes very abundant in western Kentucky, and so far as known its presence always
indicates the upper part of the Fredonia member of the Ste. Genevieve limestone. The illustrated examples
were etched from blocks of impure limestone found 2 miles east of Princeton, Ky.

F1G. 11. One of several examples of a small ‘“massive’’ species of Michelinia found at Princeton, Ky.,
lower in the Fredonia member than the specimens of M. subramosa. It is distinguished from the latter by
its Jarger corallites and mode of growth, and in both of these respects closely resembles one of White’s figures
of his M. eugenex (Thirteenth Rept. Geol. Indiana, 1884, p. 119). Provisionally the Ste. Genevieve form
may be referred to as M. eugenex var. princetonensis.

Fi16. 12, a—¢. A group of specimens of Cystelasma rugosum n. sp. or var., from the Fredonia member of the
Ste. Genevieve limestone in the vicinity of Princeton, Ky. This form may perhaps be merely a strongly
marked variety of the next species, . quinqueseptatum, but so far the two forms are readily distinguished
by the differences shown in the illustrations. In C. rugosum, which is represented in the material before
the writer by no less than 25 specimens, the corallum is always proportionally wider and much more strongly
wrinkled transversely.

Fi6. 13, a—p. A group of 16 etched specimens of Cystelasma quingueseptatum n. sp., from the upper part
of the Fredonia member of the Ste. Genevieve limestone about 2 miles east of Princeton, Ky. This species
is characterized by its slender and finely wrinkled corallum.

In describing Cystelasma Miller states that septa are wanting. As a rule this appears to be true of the
species upon which he founded his genus (C. lanesvillense Miller, Spergen limestone, Indiana), and average
examples of the type species ‘therefore look very different from the two species here referred to Cystelasma.
However, other examples of (. lanesvillense in the Ulrich collection, from the original locality, do show septa.
In some these are mere rudiments, but in a few evenly grown examples they are sufficiently developed to show
that normally the type species also has five principal septa like the west Kentucky species here figured. In
the latter the septa are always present and are generally as strongly developed as shown in these figures.

Fi1c. 14, a-f. Lateral views of five separated corallites and the calyx of another example of Litkostrotion
harmodites Edwards and Haime. Originally these corallites formed part of a loosely connected, bushy mass,
3 inches or more in height and width. The main septa, 16 to 18 in number, reach the small styliform
columella at the center of each corallite. This is a true Lithostrotion. So far as known the species is limited
to the upper part of the Fredonia member of the Ste. Genevieve limestone, at which horizon its bushy colonies
have been seen in the massive limestone at many localities in this district. The figured examples are from
Princeton.

F16. 15, a~d. Four large examples of Amplexus geniculatus Worthen, one of the most characteristic fossils
of the Ohara member of the Ste. Genevieve limestone. In other coralla of this species the average diameter
is less than 5 mm. The figured specimens are from Downeys Bluff, at Rosiclare, Il
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Partial list of fossils occurring in the Ste. Genevieve limestone, with columns indicating occurrences in lower and
upper members, and in other formations.

Species. 1;;;%%2% m%}rlnaggr. ¥ a,urr%:fl St. Louis. T];lii!‘?i‘;l;?ll%l:
1. Lithostrotion harmodites BEd. & H........ ... D < P (R PR (R
2. Amplexus geniculatus Worthen. . ... ... .. ... .. _.... D PR S S
3. Zaphrentis pellensis Worthen__.____._..__.. X D G P, X
4. Cystelasma quinqueseptatum n. sp. ¢ ___..._. D N PR R F .
5. Cystelasma rugosum n. Sp.................. ) G P R -
6. Michelinia subramosa ISP e X [ P
7. Michelinia eugenes princetonensis n. var. . .. . D S P I M PN
8. Pentremites florealis Schlotheim . ... .. .. ... X X [ 2 X
9. Pentremites godoni? De France....... .. ... .._...... D S P, .
10. Pentremites conoideus? Hall_ ... .. .. _.._. D S ? [ 2 P
11. Mesob]astusglaberM.&W._._..__________.__________‘ D G P ?
12. Platycrinus huntsville (Troost?) W. and S._. X O R R SO
13. Batocrinus irregularis Casseday?. .. ......... X X X b S
14. Fistuliporan.sp. ... .. ... ... ... ... . ....... DG PR PR MR
15. Stenopora tuberculata Prout.._...__...._... “ X X X X X
16. Stenopora rudis Ulrich. ... .. ... ... _ . ... ......._... D I R, X
17. Anisotrypa solida Ulrich. ... .. ... ... _ ... .. ........ D < P P, X
18. Lioclema araneum Ulrich. ... ... .. .. .l.._.._.... DG PR P Yx
19. Cceloconus rhombicus? Ulrich. ... .. ... ... .| .. ... ... N R X I,
20. Streblotrypa nicklesi Ulr. var.. .. .. ... .. ... .. ... D S P ?
21. Cystodictya n. sp. ... ... .. ...... e X R ?
22. Glyptopora punctipora Ulrich_...... ... ..l ... _.. D PR X
23. Fenestella tenax Ulrich..... ... ... ... ... X X X X X
24. Fenestella serratula Ulrich....._..._.__ .. ._. X X X X X
25. Fenestella elevatipora Ulr. var. .. ... ... .| ... ... DS R R, X
26. Fenestella flexuosa Ulr. var.. ... .. . . |-...._..... X e X
27. Fenestella cestriensis Ulr. var.... ... ......1._..__. ... DS PO IR X
28. Polypora cestriensis Ulr. var..._..... ... . .| ......... X e X
29. Polypora corticosa Ulr. var. ... .. .. .. ... .| ......... D S R B X
30. Septopora cestriensis Pront..............._. e eeeeaan D R P, -- X
31. Septopora subquadrans Ulrich....._.__.....|[..._...... S U X
32. Archimedes meekanus Hall....___. .. ... ... X FR R SRR R X
33. Sphragiopora parasitica Ulr......... .. ... . .._...... D S P X
34. Rhipidomella dubia Hall. . .. .. ... _........ X [ X X X
35. Orthotetes kaskaskiensis MeChesney.........l._._..._.. ! X S PR ¢
36. Productus cestriensis Worthen_..._......_..|.._.._.... D S PO (RS X
37. Productus sp. 2 (near P.cora)......... ... ...._.... X T P X
38. Productus sp. 3 (near P. punctatus).........[.......... D G PO X X
39. Productus semireticulatus?.. .. ... ... _._.. D G O A X X
40. Pugnax grosvenori Hall._ . ... . .. .. _.___._. X .. X X ..

aFor figures of the new species named in this list see P1. V.
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Partial list of fossils occurring in the Ste. Genevieve limestone, efc.—Continued.

Tribune or

Fredonia Ohara Spergen
Y Birdsville.

member. member. fauna. St. Louis.

Species.

41. Pugnax mutata Hall.___.__ . __________._... D P X b S P
42. Dielasma formosum Hall
43. Dielasma turgidum Hall .. __._ ... ___._..._. X

X
X

44. Spirifer near increbescens Hall. .. ... .o ..o o ...
45. Spirifer leidyi N. and P. . X

X
X
X
X
46. Spirifer bifurcatus Hali? (sma]l subquadrate
form of 8. leidyi?).. . - X X X X
X
X
X
X
X

47. Reticularia setigera.. ... .. ... ......... [
48. Spiriferina norwoodi. . .. ..., .. ... ... X

49. Spiriferina transversa McChesney. ... ... ... ... ...
50. Cleiothyris hirsuta Hall. .. ... ... ...

X
51. Cleiothyris sublamellosa Hall .. .. .. _..._.__. X
52. Seminula trinuclea Hall_ .. __ ... ... .__.... N D N A
53. Seminula subquadrata Hall.. .. ... .. ... __. X
54. Eumetria mareyi verneuilana. ... ........ ... X
55. Eumetria mareyi vera. .. ... ... .. o ol|oaiiieaann X O R
56. Aviculopectensp. 1.. . ... _ . . ... _..... O M X
57. Avieulopecten sp. 2. ... . .. .. ... D S P l
58. Pteromites sp.1. ... .o eeiiaaas D G IR I
59. Nucula shumardana illinoisensis, W_.. ..

60. Nuculana nasuta Hall...___. ... ... _._..
61. Modiola illinoisensis Worthen. . .............
62. Pleurophorus minima Worthen._._.....____.

63. Pleurophorussp. 2. .. ... . ...............
64. Macrodonsp. 1. ... ... . ... . ... ...
65. Cypricardella oblonga Hall .. ... .. ... . ...
66. Cypricardinia indianensis Hall ... _..__. .. ...

67. Schizodus compressus Worthen. ... .. ._..._.
68. Bellerophon subleevis Hall.._ .. _.....__...__.
69. Bucanopsis textilis Hall. ... ... ... _....

w X XXX XK XXX =X X XXX

o XX XX XXX XX XX

70. Pleurotomaria elegantula Hall?_ . ______.___.

v
‘
'
'
‘
.
'
.
'
w XK s

71. Straparollus spergenensis...................

o

72. Loxonemasp. 1. ... ... .. .. ... ......
73. Naticopsissp. 1. ... . .. ... ... ... ...
74. Orthonychia acutirostre Hall ... .. ___._..__.
75. Leperditia carbonaria Hall . .. _____...____.

XX XXKXHXXAKXXXXXXXXXX

X X X X X

.......... X
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The writer does not contend that it is impossible or even undesirable to dis-
tinguish many of the Ste. Genevieve and Chester representatives of the Spergen
fauna. In most cases where these forms reappear they are characterized by differ-
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ences which under close biologic and stratigraphic study it may be desirable to
recognize by giving the mutations subordinate designations. The writer does
maintain, however, that the forms thus reappearing are members of a single slowly
modifying and largely pelagic fauna that existed continuously elsewhere and entered
this epicontinental basin only when conditions were favorable. One of these
conditions involved the deposition of oolitic limestones. Another probably was
the subsidence or modification of barriers, allowing communication with seas more
permanently ‘inhabited by the invading fauna.

When the 35 species of the Spergen fauna are eliminated from the above list,
it will be seen that the remaining species show close affinities with later Chester
faunas, especially the Tribune limestone fauna. This relationship is particularly
evident in the Ohara member, but is also well expressed in the Fredonia member,
and is strong indeed when the Spergen fauna is included in the comparison. The
strong Chester element in the Ste. Genevieve fauna, coupled with the fact that this
formation and the overlying Cypress sandstone were the first deposits following the
great restriction of the preceding St. Louis sea, has induced the writer to extend
the lower limit of the Chester group to the base of the Ste. Genevieve.

As originally defined and used by Worthen and Engelmann in southern Illinois®
the Chester group included the Rosiclare sandstone and Ohara limestone members
of the Ste. Genevieve limestone, but the lower or Fredonia member was referred to
the St. Louis. Their reasons for placing the lower member of the Ste. Genevieve
with the underlying formation, in which they were followed in Kentucky by Nor-
wood, ? is not now apparent, unless they regarded the “Spergen Hill” fauna in it as
evidence that it belonged to the great body of limestone of which the St. Louis is
the upper division. Upon reading over their descriptions of the Mississippian
limestones occurring beneath the Rosiclare sandstone in southern Illinois it becomes
evident that Worthen and Engelmann had but an imperfect conception of the strati-
graphic relations of the various formations into which the limestones are divisible.
Of unconformities between them they knew nothing, nor do they seem to have had
knowledge of the Ste. Genevieve limestone, described several years before in Missouri
by Shumard. When both these facts are known, as well as the no less important
fact that the Spergen Hill fauna reappears not only in the Ste. Genevieve but again
in the Tribune limestone, the resulting classification of the Mississippian series
becomes simpler, more strictly coordinate in its subdivisions, and more natural.

As a final result of the analysis of the above list we have a few species remaining
that may be considered as strictly characteristic of the formation (see Pls. Vand VI).
The five corals found in the lower member have been already mentioned. Another;
Amplexus geniculatus, seems to be equally characteristic of the main shaly bed of

a Geol. Survey lllinois, vol. 1, 1866, p. 356. b Geol. Survey Kentucky, n. ser., vol. 1, 1876, pp. 362-366.
10696—No. 36—05-——4
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the Ohara member. This horizon (bed 5 of sections discussed on preceding pages)
is extremely fossiliferous; but its fauna consists chiefly of Brachiopoda and Bryozoa,
and seems.entirely devoid of Mollusca. The characteristic pentremite of the forma-
tion (Pl. VI, fig. 18) a form apparently too near P. florealis to be distinguished from
it—is abundant in both the Fredonia and Ohara members. One of the commonest
fossils of the oolitic limestones of the formation—and one that for this region at
least is highly characteristic of it—is the crinoid identified provisionally with Troost’s
Platycrinus huntsville. Its basal plates form a shallow cup, one-half inch or less in
diameter, marked on the outer side with three radially arranged prominent keels
or ribs, and generally with intermediate granulations and striations. Its column
is flattened and twisted, and the dismembered segments elliptical in outline and
spiniferous (P1. V1, fig. 27). :

Distribution of Ste. Genevieve limestone.—The largest outerops of this limestone
in the district occur in the southeastern half of Caldwell County. Of these the one
farthest south extends northward from Christian and Trigg counties to McGowan
station, on the Hopkinsville branch of the Illinois Central Railway. Its western
outline is generalized on the map, exposures of the rock being infrequent in that
direction and no satisfactory contact with the underlying St. Louis limestone,
which occupies the country west of it, having been seen at any point. In drawing
the line dependence was placed chiefly upon the relative abundance and the character
of the chert found in the residual mantle. The soil of the Ste. Genevieve, besides
having less chert, is also of a darker shade of red than that resulting from the decay
of the St. Louis limestone. The eastern outline is defined by the normal contact
with the overlying Cypress sandstone, which caps the first hills of the higher country
lying to the east of the area.

Between this and the second large area are two small, fault-bounded areas,
the first a very narrow, triangular strip, extending a mile and a half westward from
McGowan, the second a block of rhombic shape lying just south of Eddy Creek.

The second large area in Caldwell County is triangular in outline, with Saratoga,
in the adjoining edge of Lyon County, at its apex, and the town of Princeton near
the middle of the wide northeast side. The latter boundary is irregular and formed
by contact with the Cypress sandstone on the slopes of the hills east of Princeton.
Near the town there are also several small outliers of that sandstone. The southern
boundary is formed by the Eddy Creek fault, the northwestern one by the Saratoga
fault, and the northern side by the Princeton fault. A narrow, faulted triangle
joins this large area on the north and forms the southeast slope of the Chester sand-
stone hill 2 miles west of Princeton.

The third large area in this county includes the village and valley of Fredonia
in its northwestern part, and Crider in its southern part. From Crider it sends an
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arm northeastward among the Cypress sandstone hills to one of the upper branches
of Dollarson Creek, where it is cut off by the Stone fault. Between this fault
and the Fredonia fault, which forms the northern boundary of the quadrilateral
area, a considerable remnant of Cypress sandstone is included. The Skin Frame
fault limits the area on the south, while the Livingston fault forms the western
boundary.

In Crittenden and Livingston counties there are but four large outerops of Ste.
Genevieve limestone that are distinguished from the surrounding country by topo-
graphic and agricultural features comparable to those marking the large Ste. Gene-
vieve areas of Caldwell County. Except where erosion has not removed the whole
of the overlying Cypress sandstone these areas are all bounded by faults. The
largest forms the well-known Salem Valley, which extends southwest of that village
_ to the bend of Sandy Creek.. Northeastward from Salem the vallev expands to a
width of 4 miles; but beyond New Salem Church the Ste. Genevieve, which thence-
forth exposes little more than the upper or Ohara member, forms the floor of a com-
paratively narrow, meandering valley that continues to the Marion and Lola road.
Beyond this road the expanding region lying between the Columbia and Stevens
faults, as far as the Marion and Fords Ferry road, continues to expose Ste. Genevieve
limestone areas, most of which are clearly the result of underground drainage and
subsequent breaking in of caverns. Bethel Church is located near the center of
the largest and geologically most excavated of these areas. Sink holes are very com-
mon here, especially along fracture lines and where the cover of Cypress sandstone is
thin. ' '

A similar but agriculturally more important Ste. Genevieve area is in the View or
Clements Valley, beginning about 5 miles south of Marion. Except on its northern
side it is entirely bounded by faults, the Crittenden fault on the south side separating
the Ste. Genevieve limestone from the Birdsville formation, while on the northwest
side the Hodge and a probably unimportant north-south fault divide it from St.
Louis limestone outcrops.

Another important Ste. Genevieve area occurs in Livingston County just south
of the Salem Valley. It is of triangular shape and lies between the converging
southwestern extensions of the Columbia and Marion faults.

The Lola and Deer Creek valleys embrace the last of the Ste. Genevieve lime-
stone areas that have considerable agricultural importance. This area lies between
the Deer Creek fault, which divides it from the St. Louis limestone of the region
to the east, and another nearly parallel fault a mile or more to the west that gen-
erally brings the lower part of the Birdsville formation to the level of the Ste.
Genevieve limestone. The southern part of the valley exposes the Fredonia mem-
ber of the formation. This, as usual, forms a nearly level country, but the northern
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extensions consist mainly of small, irregular valleys and limestone slopes, riddled
with sink holes, in the rather rough country formed by the remnants of Cypress
sandstone. ’

Ste. Genevieve limestone forms the base of the Ohio River bluff below the
mouth of Deer Creek. This, probably, is part of the Princeton area that is exposed
in the bluff on the north side of the river above and below Rosiclare, IlI.

A large but stragghing and rough exposure of Ste. Genevieve limestone occurs
near the mouth of the Cumberland River. It extends about 4 miles up Bissels
Creek, forms Bissels Bluff on the north side of the great bend of Cumberland -River
as far down as the Royal mine on the Latrobe fault, and then turns northward
again from that fault up Cypress Creek to Dyers Hill Church. The latter part is
a triangle bounded by faults on the east and northwest and by the alluvial bottom
on the southwest. The northern boundary.of the remainder of the area is formed
by normal contact with the Cypress sandstone. The southeastern boundary is
formed by the Latrobe fault.

Finally, there seems to be a triangular, fault-bounded Ste. Genevieve outcrop
about 2 miles south of Smithland. This area was so identified by the writer in
1890, but, on account of lack of time, the identifications could not be verified in
the course of the more recent investigations.

The floors of nearly all of these Ste. Genevieve limestone valleys are formed
by the Fredonia oolitic member. The Ohara member in these cases occurs in the
slopes of the hills and escarpments bounding the valleys, except on those sides of
the areas that are limited by fault planes.

Derivation of name and synonymy.—This limestone formation was named by
B. F. Shumard from exposures about 2 miles south of Ste. Genevieve, Mo.* These
were recently visited by the writer and found to be of the same formation that he
had named Princeton limestone.? In the vicinity of Ste. Genevieve the formation
was found to rest unconformably upon typical St. Louis limestone. As will be
remembered, the contact between these two formations was not observed in western
Kentucky. The typical section at Ste. Genevieve is therefore important in adding
discordance of stratification to the differences in lithologic and faunal characters
previously relied upon to distinguish the two formations. The Ste. Genevieve
limestone has been either ignored or overlooked by all writers of the geology of the
Mississippi Valley except Shumard, who distinguished and named the formation,
and Keyes,” who adopted the name and ranked the formation as the upper member
or division of his St. Louis stage. The present writer refers the Ste. Genevieve to
the Chester group, being impelled to this course chiefly by the strong Chester affili-

aTrans. St Louis Acad Sei,, vol. 1, 1860, p. 406; Geol. Survey Missouri, Rept. 1855-1871, 1873, p. 293.

o Geol. and Min. Res. Crittenden County, Kentucky: *‘Crittenden Press,” Dec., 1890. Bull. U. S. Geol. Survey No. 213,
1903, p. 207.

¢ Geol. Survey Missouri, vol. 4, 1894, pp. 30, 76. Idem, vol. 6, 1894, pt. ii, p. 390.



CYPRESS SANDSTONE. 53

ation of its fauna, and secondarily by the fact that the two upper members were
included by Worthen and Engelmann in their definition of the group in southern
Hlinois. The lower member, as has been already stated, was referred to the St.
Louis limestone by thie last authors.

CYPRESS SANDSTONE.

Lithologic characters—In its usual development this formation consists of
massive, generally fine to medium grained, rarely coarse, quartzose sandstone.
Sometimes masses of it are soft and friable, but usually - the grains are well
cemented. Not infrequently portions are thin-bedded and slightly argillaceous, but
these seem to occur chiefly, if not solely, in the upper member, the lower one, so far
as observed, being apparently always massive. Occasionally a large part of the
upper member is flaggy, and in such cases cross-bedding is common. The sand-
stone varies in color, but, being as a rule somewhat ferruginous, is commonly of
a light brown. Sometimes, however, it is nearly white or colorless, and in such
cases is composed almost entirely of quartz.

In the most complete development of the formation it is divisible into three
members or beds. Of these the upper one is always present in this district, but
in areas where the Ohara member of the underlying Ste. Genevieve limestone is
incompletely developed (see p. 44) one or both of the lower beds may be absent.
The middle bed lies from 60 to 80 feet or more beneath the top of the formation.
It is a highly fossiliferous, cherty, blue, fine-grained limestone, rarely more than
4 or 5 feet thick. Sometimes, even where the thickness of the formation indicates
that its horizon is present, the limestone is either absent or so thin that it may be
overlooked. In natural outcrops its horizon may generally be recognized by the
rather small chert fragments—commonly not over an inch or two in diameter—
in the red clayey soil that results from its decomposition, and contrasts very well
with the friable brown sandy soils derived from the sandstone on either side of it.
This bed has been observed at a number of points in Caldwell and Crittenden
counties, and also near Rosiclare and Shetlerville in Hardin County, Ill. Perhaps
the most accessible of the localities where it may be seen and its fossils collected
is in the hills a mile or so northeast of View. Here it occurs usually less than 10
feet above the top of the Ste. Genevieve limestone.

The lower sandstone bed may be, as already stated, absent altogether. At its
maximum it probably does not exceed 50 feet in thickness, and when the thin lime-
stone bed above it is absent or can not be located it may not be possible to distin-
guish ‘it from the upper bed.

Topography.—The Cypress sandstone nearly always forms rough and wooded
country. It is especially rough when contiguous to fault lines, being, apparently,
unusually susceptible to silicification. Where erosion has reduced its thickness to 30
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feet or less the normal unevenness of its surface is likely to be increased by abundant
sink holes that penetrate to underground drainage channels and caverns in the Ste.
Genevieve limestone. Generally the surface is strewn with sandstone bowlders.

Paleontology.—So far as known, the marine fossils of the Cypress formation are
restricted to the thin bed of limestone that often intervenes between the lower and
upper sandstone. As weathered out the fossils are always silicified and consist
principally of Pentremites godoni, which, however, often occurs in great abundance.
Among the associated fossils a small form of Zaphrentis spinulosa ranks next in
abundance, while the calyces of a species of Talarocrinus and, the brachiopod
Cleiothyris sublamellosa are less {requently found. The absence: of Bryozoa and
the rarity of Brachiopoda, particularly of Productus, constitute a striking pecu-
liarity of the fauna of the bed. On the whole, however, both the fossils and their
mode of occurrence remind one strongly of certain parts of the Tribune limestone,
the formation next above.

Distribution.—Where the sequence of the strata has not been disturbed by
faulting the Cypress sandstone forms the capping of the hills inclosing the Ste.
Genevieve limestone areas already described. It is well shown along the greater
. part of the eastern borders of the Ste. Genevieve areas in Caldwell County; also
on the northern and eastern borders of the View or Clements Valley and on many
of the hills surrounding or included in the Ste. Genevieve areas northeast of Salem.
Again,it is found in characteristic development capping the first hills west of Deer
Creek and also at the top of Bissels Bluff on the Cumberland River.

Nomenclature.—The sandstone which is found in the Mississippi Valley imme-
diately above and apparently always in association with the Ste. Genevieve lime-
stone, and which is correlated with the Cypress sandstone of this district, was
originally called the ‘ Ferruginous sandstone” by Swallow and Shumard.” In

"1868 Henry Engelmann, who, as a member of the Illinois Geological Survey, had
made extensive investigations of the Mississippian rocks in southern Illinois, pro-
posed the name here adopted.” The type locality is on Cypress Creek, in Johnson
County, Ill., where, according to Engelmann’s description just cited and in his
report on Johnson County, it is of the usual character and has a thickness of 150
feet or more (? 250 feet).

The publication of Engelmann’s name for this sandstone in 1868 seems to have
been overlooked by later workers on the Mississippi section, so that one and probably
two synonyms have crept into literature. Thus, in 1876, Norwood applied the
name ‘“Big Clifty’”’ sandstone to a formation in western Kentucky that, if it is not

a Geol. Survey Missouri, First and Second Ann. Repts., pt. 2, 1855, pp. 91, 174, 181, 193.
bTrans. St. Louis Acad. Sei., vol. 2, p. 189. (Paper read Nov. 3, 1862.)

¢ Geol. Survey Illinois, vol. 1, 1866, pp. 382 and 397.

dTrans. St. Louis Acad. Sci., vol. 2, p. 189.

e Geol. Survey Kentucky, n. ser., vol. 1, p. 369.
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strictly equivalent to the Cypress sandstone, at least agrees closely with it in litho-
logic character and seems to occupy the same stratigraphic position. In 1892
Keyes,* who overlooked not only the name proposed by Engelmann, but Norwood’s
designation as well, proposed the name ““ Aux Vases’’ sandstone, to take the place
of ‘‘ Ferruginous sandstone.” |The type localities for the formations to which these
three names—first Cypress safﬁdstone, then Big Clifty sandstone, and finally Aux_
Vases sandstone—were applied are all contained within an area less than 200
miles across. They are, moreover, unquestionably in one and the same geologic
basin and are practically identical in lithologic character. Finally, as the forma-
tions in each case were assigned to precisely the same stratigraphic position, i. e.,
next below the Kaskaskia limestone, there can be no reasonable doubt of their
synonymy.
TRIBUNE LIMESTONE.

Lithologic characters.—As developed in this region, the Tribune limestone con-
sists of thin-bedded and heavier-bedded, generally light-gray, limestones, more or less
abundantly interbedded with thin seams of calcareous, clayey shale and occasional
thin beds of sandstone. The limestones vary in texture, some being fine grained,
others slightly crystalline, while many layers vary from granocrystalline to dis-
tinctly oolitic. The proportion of shale varies in different exposures, being least

- near and north of the Ohio River and greatest along the southern and eastern parts
of the border of the western Kentucky coal field. In the latter areas the proportion
of shale to the whole mass of the formation is probably greater in the lower third
than in the succeeding parts. Nearly everywhere, however, limestone is the
predominating constituent of the formation. So far as observed in Caldwell County,
none of the beds of shale exceeds 6 feet, or possibly 8 feet, in thickness. Both the
limestones and shales are fossiliferous, and often highly so.

The Kentucky-Illinois district presents no complete section of this formation
and, so far as known, no exposures from which a complete section can be con-
structed. On account of the general uniformity in lithologic and faunal character
displayed in most of its parts by the formation and the extremely limited number
and area of its outcrops, few positive data tending to show its total thickness could
be procured. According to the evidence at hand, its maximum thickness in Cald-
well County is probably not less than 100 feet. In Crittenden County it appears
to be from 20 to 50 feet thicker and contains much less shale. Across the river, in
Hardin County, IlL., it appears to consist almost entirely of limestone, and here the
thickness, as a rule, probably exceeds 150 feet. At the Fairview mine, near Rosi-
clare, the top of this limestone outcrops at the shaft and forms the east wall of
the vein. No change from limestone to sandstone was observed in this wall from

aBull. Geol. Soe. Am., vol. 3, p. 296.
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the mouth of the shaft to the 200-foot level. It appears, therefore, that in this
vicinity the Tribune formation may exceed even 200 feet in thickness.

Topography.—Outcrops of the Tribune limestone are too infrequent in western
Kentucky to exert much influence on the general topography of the country. In
less disturbed regions the areas in which it is the surface rock are comparatively
level strips, bordered, especially on the side of the Cypress sandstone, by rougher
country. On the opposite side these strips run out into usually narrow valleys
lying between hills that are composed of the more resistant arenaceous deposits
of the succeeding Birdsville formation.

Paleontology.—The fauna of the Tribune limestone embraces a large proportion
of the species that are characteristic of the Chester group. With the exception
of Spiriferina transversa, which has not been here observed in the Tribune limestone,
all the species noted on pages 47 and 48 as common to the Ste. Genevieve limestone
and later divisions of the Chester group occur in this formation. Some, perhaps
many, of these reappearing 58 species, when subjected to a final study, will doubt-
less receive subordinate designations, but for present purposes their aflinities are
too apparent to justify a greater separation than is indicated by the use of the
question mark. Themajority of these reappearing species, again, are of the Spergen
fauna. As in the Spergen and Ste. Genevieve formations, this mostly diminutive
fauna occurs also in the Tribune limestone in oolitic strata.

In addition to these species of the Spergen fauna listed among the fossils of
the Ste. Genevieve limestone (ante, pp. 47-48), the Tribune limestone of this
district has afforded very slightly modified representatives of the following
Gasteropoda of the same fauna, as described by Hall and Whitfield:

Bulimorpha bulimiformis. Pleurotomaria subglobosa.
Bulimorpha elongata. Pleurotomaria meekana.
Holopea proutana. Straparollus quadrivolvis.
Fotrochus concavus. Straparollus planorbiformis.
Murchisonia attenuata. Naticopsis carleyana.

Murchisonia turritella.

The Gasteropoda and Pelecypoda of the Tribune fauna, which embrace also
the more distinctive elements of the Spergen fauna, are almost entirely restricted
to the oolitic limestones. The general aspect of the fossil contents of these, there-
fore, impresses the observer as quite different from what is ordinarily considered as a
Chester fauna. In the shales and other limestones, particularly the former, these
two classes of fossil shells are comparatively rare, the faunas of these being com-
posed chiefly of bryozoans, brachiopods, corals, and echinoderms. Since the common
and more characteristic fossils of the Chester group belong as a whole to the Echino-
dermata, it is evident that the age of the Chester shales and the nonoolitic calcareous



EXPLANATION OF PLATE VI

BLASTOIDS AND CRINOIDS OF THE LIMESTONES OF THE ST. LOUIS, STE. GENEVIEVE,
TRIBUNE, AND BIRDSVILLE FORMATIONS. -

Fies. 1-6. Pentremites conoideus Hall, Spergen and St. Louis limestones. Figs. 1-5, group of five specimens
from shaly lower St. Louis beds, 4 miles northwest of Princeton, Ky.; fig. 6, original of fig. 3 magnified 3
diameters.

Fies. 7 and 8. Peniremites cavus n. sp. Lateral views of two specimens found with others in association
with P. conoideus, Lithostrotion? prolijerum and plates of Melonifes and Archaocidaris in lower St. Louis lime-
stone, 4 miles northwest of Princeton, Ky. This species differs from its associate and nearest congener, P.
conoideus, in its greater size, concave base, more depressed interambulacral areas and more rounded outline in a
lateral view. In the surface sculpture of the plates and in the markings of the ambulacral areas, especially in
the elevation of the median parts of the latter, the two species are essentially the same.

F1cs. 9-12. Views of four silicified specimens of Pentremites pyriformis Say, showing variations in form.
Tribune limestone, 2 miles east of Scottsburg, Ky. .

Fies. 13-17. Mesoblastus glaber? Meek and Worthen. Ohara member of the Ste. Genevieve limestone.
Fig. 13, lateral view of a rather young example, magnified 3 times, showing coarse markings of upper part of
interambulacral plates; fig. 14, lateral view of an old example, magnified 3 times, showing, among other
features, the elevation of the posterior deltoid plate that incloses the outer side of the anal opening; figs. 15 and
16, similarly magnified views of the two lower specimens shown in fig. 17; fig. 17, group of six specimens, of
natural size, four showing variations in lateral views incident to age, and two mature examples, one showing

the base, the other the summit. In part collected by Mr. F. J. Fohs, on Crooked Creek, less than 2 miles
northwest of Marion.
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Fie. 18, a—f. In part Pentremites florealis Schlotheim. A series of specimens from the Ohara member of
the Ste. Genevieve limestone; ¢, b, ¢, and f, from the vicinity of Crittenden Springs, in Crittenden County,
Ky., d and f from Rosiclare, Ill. This series illustrates the extreme range of variation observed in over 100
examples from this formation and the tendency exhibited by a few examples, like ¢ and /, to take on the pecu-
liarities of P. godoni which, however, did not attain its typical form until later. By far the most of the Ste.
Genevieve specimens agree better with P. florealis (Sch.) Hambach than with P. godoni. They constitute a
species or variety (represented by figures 18 a, b, ¢, and d) that for the present may very well be referred to
_ P. florealis, differing as they should from P. godoni in the relatively small size of the deltoids, the greater
height of the base, and the very slight concavity of the interambulacral spaces.

Fie 19, a-d. Pentremites godoni De France. a and b, two silicified examples of the earlier form of this
species, from the Tribune liméstone, 2 miles east of Scottsburg, Ky.; ¢ and d, two specimens of the typical
form of the species from the Birdsville formation’in Meade County, Ky. In the earlier form, which occurs
also in the Cypress sandstone, the ambulacral areas are more depressed than in the later and most typical
variety of the species.

F16. 20, a-¢. Different views of three specimens of the ancylosed basal plates of Agassizocrinus conicus
Owen and Shumard, from Sloans Valley, Ky. This is one of the most characteristic and abundant fossils of
the Chester group above the Cypress sandstone.

Fias. 21 and 22. Pterotocrinus capitalis Liyon, a common fossil of the Birdsville formation at Champion
Hill and other localities in western Kentucky. Fig. 21, two of the five lobes that form the summit of the
vault of this crinoid; fig. 22, anchylosed basal plates, showing cicatrix for the attachment of the coluTn.
While the “wings” or summit lobes of this and other species of Pterotocrinus are abundant enough, entire
examples of these crinoids are very rare.

Fies. 23 and 24. Lateral and top views of three of the spine-like ““wings” of Pterotocrinus acutus Wetherby.
Birdsville formation, Sloans Valley, Ky.

F1as. 25 and 26. Lateral views of two of the broad “wings” of Pterotocrinus depressus Liyon and Casseday.
Birdsville formation, Sloans Valley, Ky.

F16. 27, a-i. Six specimens of the basal ring of plates and three fragments of the twisted column of the
Ste. Genevieve limestone crinoid referred to in the text under the name of Platycrinus huntsville. Fragments
like these are very common in this formation, especially in the oolitic limestones of the Fredonia member.
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beds is generally apparent at a glancei Even in the case of the oolites, a briet
search usually results in the discovery of species that clearly enough indicate the
Tribune instead of the Ste. Genevieve or Spergen age of this third appearance of the
Spergen fauna. Associated with the latter, most hand specimens of Tribune oolite
will contain specimens of strictly middle and upper Chester species of Archimedes,
like A. cothézctus, A. intermedius, A. proutanus, and A. sublaxus, or of Pentremites
like P. pyriformis. )

Aside from the Spergen fauna, which is not known to occur in rocks younger
than the Tribune, and which thus distinguishes this division from the overlying
Birdsville formation, the rocks of this formation contain many species that pass
over into the next formation and a much smaller number that seem to be confined
. to it. As to the last, however, since practically all of its bryozoans and brachio-
pods, and in a less degree, perhaps, of its corals and crinoids, range beyond its
limits, it is no easy matter to compile even a brief list of species which shall con-
tain nothing that is not strictly characteristic of the Tribune formation. Such a
list, if prepared, would be made up principally of undetermined and undescribed
species, and it is deemed inadvisable to attempt its compilation at this time.

The beds containing the Spergen fauna are, of course, readily distinguished
from limestones of the succeeding formation of the group. Concerning the.beds
of the Tribune in which this fauna is not present, even these are not so difficult
to recognize as the foregoing paragraph may lead one to believe. In the first
place, the fossils that pass on into the succeeding Birdsville formation are mostly
rare and delicate as compared with their successors in the calcareous and shaly
beds of the later formation. These fossils, of which Zaphrentis spinulifera, Ptero-
tocrinus (summit wing plates), Polypora cestriensis, Spirifer increbescens, and
Spiriferina spinosa are among the most important and conspicuous, are not, there-
fore, such predominant factors of the Tribune fauna as they become in the Birds-
ville formation. Next, these species are associated in the latter division of the
group with many other fossils that do not occur in the Tribune, so that the general
aspects of these two faunas are quite different. Finally, ordinary Chester shales
and limestones interbedded or exposed in close stratigraphic association with
oolitic limestone containing representations of the Spergen fauna can, according
to the present state of our knowledge, be confidently regarded as members of the
Tribune limestone.

Distribution.—The Tribune limestone rarely comes to the surface in the region
under discussion. Indeed, it has been certainly recognized at only six localities
in the district and at only five points in the area covered by the maps accompany-
ing this report. The first is in the vicinity of Tribune, a small post-office about 6
miles east of Marion; the second in and about, particularly south of, Lamb’s cut, on
the Ilinois Central Railway, about 2 miles east of Scottsburg. The third and per-
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haps best exposure occurs along the Princeton and Hopkinsville road, partly in
Christian Oounty and partly in Caldwell County. " The fourth exposure occurs a
mile or less east of Joy, in the northern part of Livingston County. The fifth is
at the Fairview mine, near Rosiclare, Ill., where a block of it outcrops and forms
the foot wall of the vein for a short distance. A small sixth outerop occurs in
the bluff on the west side of Puckett Branch. There are three other outcrops of
what may be this limestone, one occurring ahout midway between Marion and
View, another lying between 1 and 2 miles north of Mount Zion Church, and the
third, which is more likely to be Ste. Genevieve limestone, forming the southern
wall of the Senator mine, near Princeton.

Nomenclature and correlation.—This formation is named from Tribune, a
small settlement and post-office 6 or 7 miles east of Marion, where the most satis-
factory exposures of this limestone seen in the district occur. The formation is
shown in bluffs a short distance east of the post-office, and outcrops along the
Marion road on the slope of the hill a mile west.

The Tribune limestone is the main and more persistent lower body of lime-
stone contained in the typical Kaskaskia division of the Chester group. In the
remaining part of the Kaskaskia, here distinguished as the Birdsville formation,
there are several beds of limestone intercalated between generally much heavier
beds of sandstone and shale. As a rule the Birdsville limestones are thin, shaly,
irregularly developed, and unimportant as compared with the Tribune limestone.

In the Mississippi and lower Ohio valleys the two divisions of the Kaskaskia—
Tribune and Birdsville—are readily distinguished, but the lower formation is
much more limited in its geographic distribution. It is absent, beneath the over-
lapping Birdsville, in the northern part of the Chester area and on the east side
of the Indiana-Kentucky coal field. The horizon is present in the southern Appa-
lachian region, but on account of the unusually calcareous nature of the beds
corresponding to the Birdsville formation the twofold division of the Kaskaskia
here made is not practicable there. As mapped in publications of the United
States Geological Survey, the Kaskaskia, together with the St. Louis and prob-
ably the Spergen limestone, is there embraced in the Bangor limestone.

BIRDSVILLE FORMATION.

Lithologic characters—This is an extremely variable series of sandstones,
shales, and limestones. As a rule, the sandstones, which vary from nearly pure
quartzites to highly argillaceous or calcareous sandstones, constitute fully one-
half of the total thickness, while the shales and limestones make up about equal
parts of the remaining half. The limestones vary in color from various shades
of gray to light or darker blues, in texture from subcrystalline to fine-grained
and more or less earthy types, and in structure from thin plates in shales to massive
beds several feet thick. The shales are commonly arenaceous and then quite
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unfossiliferous, but in other cases, confined almost entirely, however, to the upper
half, they are calcareous and contain an abundance of fossils. More rarely a bed
or two of shale may be encountered that is highly argillaceous and perhaps bitu-
minous, the color in one case being almost black. The color of the shales varies
from light green to various shales of yellow, purple, or gray.

Generalized section.—An idea of the lithologic composition and succession of
the beds included in the Birdsville formation may perhaps best be gained through
a descriptive section. The folowing section is compiled from many more or less
complete exposures observed in Caldwell, Crittenden, and Livingston counties.
In using this section the reader should bear in mind that the lithology and thick-
ness of the beds varies so greatly and so rapidly that no two exposures more than
a mile or two apart will agree sufficiently to permit satisfactory correlations. Sand-
stones are liable to replace shales, or they may be interpolated in, or even replace,
the thinner limestone beds with disconcerting frequency. -

Generalized section of the Birdsville formation in western Kentucky between Tradewater River and the mouth of

Cumberland River.
[Mansfield sandstone of late Pottsville age at top.] Feet.
12. Cherty limestone, chert in thick plates.. ... ... ... .......c....... eeieeeee. 0-20
11. Arenaceous shales or shaly sandstones, occasionally containing Pelecypoda and fucouls ceee. 0-60
10. Hard, heavy-bedded, mostly dark-gray or blue limestone, with a smaller proportion of hght ~blue
or drab limestone. Contains large forms of Bellerophon, Nautilus, Seminula subquadrata, Spiri-
fer increbescens and an unusually large, undescribed species of Archimedes. ... .. .. ... . 0-30
9. Yellowish, green, and purple calcareous clay shales, with generally thin, highly fossﬂlferous hme-
stone plates. .. .. e 0-15
8. Dark-gray, greenish, or purple, unfossiliferous, soft shale . ... .. ... ... .. .. . . ... .. 10- 30
7. Sandstone, sometimes nearly white.. . .. ... iiiiiiiiiiiiiiiaaaas 30- 60
6. Gray fossiliferous limestone, often highly argillaceous, with thin interbedded seams of clay shale. . 36— 50
5. Sandstone, usually absent. . . .. ... . 0-15
4. Mostly thin, highly fossiliferous limestone, interbedded with green and blue, clay shales_......__. 40- 50
3. Variegated shales, with purple and green colors predominating; occasionally soft and friable and

slightly phosphatic (““ Litchfield marls”’), at other points harder and more or less arenaceous.

Apparently quite unfossiliferous, about. .......... e e 50
2. Contains some sandstone, often calcareous, and more yellow to blue shales, mterbedded with from

afew to many layers of earthy and compact and subcrystalline limestone, with sometimes a layer

or two highly ferruginous; includes occasionally also a thin seam of coal. The calcareous layers

are always fossiliferous. This is the main horizon for Pentremites sulcatus and for the other

species of this genus figured on PL. VII; also for species of Pterotocrinus (PL.VI)..._.__...._.. 75-100
1. Mostly shaly and generally thin and even-bedded, occasionally flaggy, sandstones, all unfossilifer-

ous except a calcareo-ferruginous, thin-bedded sandstone near the base, which is sometimes

crowded with fossil remains. Among these Archimedes confertus n. sp. (Pl. IV)is highly

characteristic and perhaps the most abundant and striking. Toward the southeastern edge

of the district some of the sandstones are nearly pure and more massive, and contain a small

amount of asphaltum (“tar sandstone™) ... .. ... .. ...l .oiiii.... 150200

Total thickness of Birdsville formation. . ... ... . .. .. e 400-680
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Largely on account of its greater thickness, but also because of its more homo-
geneous composition, bed 1 of the above section outcrops over a greater area than
any other two beds of the formation. It occurs over most of the area traversed
by the Marion and Fredonia road, its middle and upper parts being well exposed
just north of the Fredonia fault At Crayneville it is the upper part; likewise west
of Marion, along the road to Crittenden Springs. East of Marion, along the road
to the Tribune limestone outcrop, most of the exposures seem to be of the lower
~ part. Good exposures occur in several railroad cuts about 2 miles west of Claxton,
where the rocks dip rather steeply and are repeated by step-faulting. The heavy-
bedded and somewhat asphaltic sandstone phase may be seen in the southwest
angle of Caldwell County, between Curry and the Princeton and Hopkinsville road.
Large areas of bed 1 occur also in Livingston County, particularly at and north
of Hampton.

Bed 2 was observed at many points within the district. Among the most
accessible localities are the bluff at Birdsville, where it is well shown; on Champion
Hill, 4 miles west of Salem; in the railroad cut at Marion, where the lower beds
are exposed; on the east slope of Pickering Hill, in Crittenden County; at Carrs-
ville and Smithland, in Livingston County, and in the hill just north of Golconda,
in Pope County, Il

The ten beds above these are much less frequently seen. Most of them are
unimportant, and the four at the top may be wanting entirely. Beds 3 to 10 and
a part of 11 were noted in a number of fairly good exposures lying to the west and
south of Claxton. Beds 4 and 6 are well exposed in a bluff about 2 miles southeast
of Birdsville, on the road to Smithland. Bed 10 is easily recognized. It was for-
merly quarried at Claxton, in Caldwell County, and at Giles quarry, near Gladstone,
in Crittenden County, and outcrops a few feet beneath the Mansfield sandstone on
the Marion road, about 2 miles east of Sheridan. It occurs in most sections that
contain the upper beds of the formation, but the upper part of bed 11 and all of
bed 12 are perhaps as often absent as present. Bed 11 is well developed northeast
of Creswell, in Caldwell County. Bed 12, with its often heavy layers of flinty chert,
when present, is always a conspicuous stratum. It is well developed in the southern
end of the Mansfield sandstone ridge, in the northwestern part of Livingston County,
and frequently caps the highlands 2 miles west of Salem and at other localities along
Sandy Creek to Cedar Grove Church. It usually forms the top of the formation in
the northern part of Caldwell County and the eastern part of Crittenden County,
and it has been observed also in Hardin and Pope counties on the north side of
the Ohio. .

Topography.—Where the lowest bed of the Birdsville formation is the surface
rock the topography is generally not very hilly and sometimes the undulations are
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very moderate. Near the western border of the Coal Measures and the isolated
knobs and ridges capped by the Mansfield sandstone the country becomes much
rougher. This change is due, first, to the rapid variation in lithologic character
exhibited by the beds and their unequal resistance to erosive agencies; and, second,
to the protection against removal afforded to the highlands by the overlying Mans-
field sandstone and the consequent steepness of the declivities.

- Paleontology.—The fauna of the Birdsville formation is the one that, in conse-
quence of its abundance at the typical and long-studied localities along the Missis-
sippi River, has gradually become the type of the Chester or Kaskaskia fauna.
Though distinguishable faunas occur in the earlier divisions of the Chester group,
it is after all but right that the Birdsville fauna should stand as the most typical.®
The genera and species that most prominently characterize the Chester fauna as
a whole are not only all present in the Birdsville, but most of them occur here in
. better development and greater abundance than before. Besides, many species,
constituting a great host, are met here for the first time. The writer has collected
over 150 species.from horizons of the Birdsville in western Kentucky. About
two-thirds of this number occur, so far as known, only in this formation. As a
full list of the fossils would be essentially the Chester fauna -of literature, it is
unnecessary to give it here. However, with a view to assist in discriminating
between different parts of the formation a few of the more characteristic species
of each part may be mentioned.

Aside from an occasional mold of a land plant, bed 1 of the section on page
61 is practically unfossiliferous. Still, fossils may occur sometimes, as in the
vicinity of Scottsburg, where a few, thin, slightly calcareous strata near the base
of the bed are crowded with organic remains. Most of these are of ordinary Chester
fossils, but among them, and abundant, is the well-marked Archimedes conjfertus
Ulrich. (See P1. IV.) This species holds about the same horizon in Randolph
County, Ill., and elsewhere. Bed 2 contains most of the peculiar Chester crinoids,
particularly Pterotocrinus, of which the summit processes or “wings” of several
species are common. (See Pl. VI.) Also the large Pentremites obesus Lyon, and
another almost equa]ing it in size, for which the new name Pentremites fohsi is
proposed. (See Pl. VII.) This is, furthermore, the principal horizon for Archi-
medes, at least five species (A. ‘'swallovanus, A. intermedius, A. terebriformis, A.
lativolvis, and A. proutanus) being restricted to it, and for Lyropora, Meekopora,
Prismopora serrulata, and many other Bryozoa. Finally, a considerable number
of undescribed Pelecypoda are found only in this bed. These occur mainly in
shales toward the base of the bed.

@ When full lists of the faunas of the Ste. Genevieve and Tribune formations are compared with the Birdsville fauna,
apparently a wide difference is observed; but when this difference is analyzed it proves to consist mainly of the Spergen
fauna, which is present in the two earlier formations and so far absent in the Birdsville. If that periodically invading
fauna be disregarded, the aspect of the remainder in both the Ste. Genevieve and Tribune is eminently ‘‘ Chester.”
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PENTREMITES OF THE BIRDSVILLE FORMATION.

F1es. 1-4. Pentremiles obesus Lyon. Fig. 1. Lateral view of a fine example of this species which, like
most of the specimens seen from western Kentucky, differs from Lyon’s figured type of P. obesus in being
proportionately narrower and in having longer basal plates; fig. 2, lateral view of another and shorter speci-
men in which the lower part is constricted so as to cause it to appear somewhat pedunculate; fig. 3, summit
view of a third specimen which, except that the basal plates are wanting, is in a better state of preser-
vation than usual; fig. 4, portion of one of the ambulacral areas of another example, magnified 3 diameters.

In this species the ambulacral areas are strongly biconvex in transverse section, the median groove
being rather deeply depressed. The specimens figured were collected by Mr. F. J. Fohs in Crittenden
County and presented to the writer for illustration.

Figs. 5-9. Pentremites fohsi n. sp. Figs. 5 and 6, summit and basal views of an adult example, in
which the base is somewhat weathered and shows besides the usual three sutures faint evidence of two
additional sutures across the two large basals; fig. 7, lateral view of the largest and in some respects the
best-preserved example seen, regarded as the type of the species, which, with the preceding specimen, was
found near the ‘“Belleville Spring,” about 8 miles northwest of Princeton, Ky.; fig. 8, summit view of
another specimen collected in the railroad cut near Marion by Mr. F. J. Fohs, after whom the species is
named; fig. 9, upper part of one of the ambulacral areas of figure 7, magnified 3 times.

P. johsi seems to be related to P. chesterensis Hambach, but is a larger species and has a longer and more
conical base. The side plates or “poral pieces” also appear to be narrower, 27 to 29 of these occurring in
10 mm., whereas Hambach’s species is said to have only about 24 in this space (“6 to 0.1 of an inch”). The
features relied on in distinguishing P. fohst from all of the large species of the genus lie, first, in the general
form; second, in the flatness of the interambulacral spaces; and, third, in the depth of the central part of the
ambulacral areas coupled with the very slight convexity of the slopes on either side between the median
and marginal grooves.

Fies. 10 and 11. Pentremites fohsi var. marionensis n. var. Summit and lateral views of an unique and
finely-preserved example found by Mr. Fohs in the railroad cut near Marion, Ky. The basal part is more
depressed and the interambulacral spaces less flat than in the typical form of the species. In both of these
respects the variety is nearer P. chesterensis Hambach, but judging from the figure and description of the
latter in Volume IV of the Transactions of the St. Louis Academy, this specimen can not belong to P. chester-
ensis, since it has about 30 side plates in 10 mm. and relatively wider ambulacral areas.

Figs. 12-14. Pentremites pyramidatus n. sp. Fig. 12, a specimen of medium size, lmperfect at the
summit but showing the pentangular pyramidal form of the base and the convex ambulacral areas which
together characterize the species; fig. 13, a smaller but more complete example, differing from figure 12, like
all other young specimens of the species, in being proportionately narrower; fig. 14, portion of an excellently
preserved ambulacral area, magnified 3 times. This figure is taken from an incomplete specimen that
originally exceeded fig. 12 in size. As shown in this and the other specimens referred to this species, the
ambulacral areas are convex and constructed very much as in P. conoideus. The affinities of P. pyramidasus,
therefore, are believed to lie with that species and its allies rather than with the group typified by P. obesus
or with the other group of which P. joksi is a good example. Much of the uncertainty prevailing among
paleontologists endeavoring to identify species of Pentremites is due to the fact that in describing and classi-
fying the species authors have paid more attention to the comparatively unimportant variations in the
general form of the theca than to the more constant structural features displayed on the surface of the
ambulacral areas.
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Beds 4, 6, and 9 contain a good and abundant Chester fauna, that is distin-
guished from the fauna immediately preceding it chiefly by the absence of its more
striking elements. Tt consists almost entirely of Bryozoa and Brachiopoda, the
other classes being much less conspicuous than in bed 2.

Bed 10 contains a number of peculiar fossils, but, unlike those found in the
other beds, they are so firmly embedded in hard limestone that it is always difficult
to procure good specimens.

Distribution.—The Birdsville formation is exposed over nearly one-third of
the combined area of the three counties of Caldwell, Crittenden, and Livingston.
In Caldwell its upper limit is usually defined by normal contact with the overlying
Mansfield sandstone. This is true also in the outliers of the sandstone. As repre-
sented on the map this boundary is everywhere more or less generalized, as is also
the undisturbed contact with the underlying Tribune limestone. With the poor
maps and short time at disposal it was impossible to delineate details. Where"
the boundary is marked by a fault the mapping, it is believed, is a nearer approxi-
mation to the truth.

The second largest area occupies the greater part of Livingston County north
of the Cumberland River. The largest continuous outcrop embraces nearly a third
_of the area of Crittenden County and extends southeastward into Caldwell. On
the northeast side it is bounded mainly by the Tradewater fault; on the west by
the Columbia, Stevens, and several other shorter faults; on the south by the Tabb,
Fredonia, Stone, and Bodard faults. The irregular area in the southwestern part
of Caldwell, containing Scottsburg, Curry, McGowan, and Friendship, probably is
bounded on all sides by faults. There are numerous smaller areas and projections
from the larger ones, all inclosed by fault planes. Smithland is located on one,
Vicksburg on another, a third occurs at the convergences of the Woods and Crit-
tenden faults, while a fourth forms the sandstone hill west of Princeton

Nomenclature and correlation.—This formation is named from the village of
Birdsville, situated on the Ohio River, in the western part of Livingston County.
The middle beds of the formation are well displayed in the bluffs at this locality,
while higher beas, and possibly the top, may be seen in the bluffs along the first 4
miles of the road to Smithland.

The Birdsville comprises the more arenaceous and shaly upper and greater
part of the Kaskaskia division of the Chester group. This portion of the group is
present wherever the Chester is represented. It overlaps all the preceding forma-
tions of the Chester, so that as a rule it forms the outer border of areas exposing
rocks of this group. Consequently the geographic distribution of the Birdsville
is greater than that of the underlying Tribune, Cypress, and Ste. Genevieve forma-
tions, and corresponds in extent with that of the Chester group as a whole.
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The exact equivalent of the Birdsville in Indiana has recently been named
the Huron formation,“ but as this name has been twice preoccupied? it can not be
used in the sense proposed by Ashley. Under the circumstances a new name for
the formation was required. Birdsville, the name here proposed, should hereafter
be substituted in Indiana for Ashley’s Huron.

POTTSVILLE GROUP.

MANSFIELD SANDSTONE.

Lithologic characters.—This formation consists of a variable series of sand-
stones, conglomerates, and shales. In some places, as in the vicinity of Claxton,
it consists, apparently, of only a single bed, generally forming bluffs 50 to over 100
feet in height, of more or less coarse, yellow or brown sandstone, in which irregular
bands containing quartz pebbles stand out conspicuously in weathering. This
sandstone constitutes the chief member of the formation in this area, but farther
inward from the edge of the coal basin, and also in some of the outliers, other beds
referable to the same formation come in over it. At or near the top of the main
sandstone a ferruginous layer has been frequently observed, but it seems never
to contain sufficient iron to justify its being called an ore.

Occasionally a bed of shale, including a thin, pockety bed of coal and a band
of highly ferruginous lenticular masses, occurs beneath the main sandstone. This
lowest bed may be seen about 1 mile north of Flat Rock Church, in the north-
western part of Caldwell County, where the coal was mined many years ago to
supply a local demand. Here the bed has a maximum thickness of nearly 35 feet,
with about 10 feet of shaly sandstone, containing specks of carbonaceous matter
at the base and resting on the eroded top of a late limestone of the Birdsville forma-
tion. The remainder of the bed consists of soft, greenish to dark-gray, argillaceous
shale, with coal and ferruginous beds in the lower part. The same bed of coal
apparently is worked occasionally even now about 4 miles north of Princeton.

Above the coarse-grained majn sandstone one, or more rarely two, distinguish-
able beds that are referred to the Mansfield sandstone have been observed. In
Hardins Knob, an outlier in the western part of Crittenden County, the coarse
sandstone has a thickness of about 135 feet. Above this, to the top of the knob,
come 110 feet of, first, finer-grained conglomeratic and quartzose sandstone filled
with plant remains, and then very fine-grained sandstone or quartzites. Some of
the latter doubtless would furnish a fair quality of whetstone. In other sections,
as in the vicinity of Enon and Ruth, in Caldwell County, and along the eastern
border of Crittenden County, this bed is somewhat shaly and the sandstone layers

a Ashley, Twenty-seventh Ann. Rept. Dept. Geol. and Nat. Res. Indiana, 1902, pp. 71-77. R
bLogan, W. E., Huron formation: Am. Jour. Sci., 2d ser., vol. 14, 1852, pp. 224-229. Winchell, Alexander, Huron
group: Geol. Survey Michigan, First Bien. Rept. Prog., 1861, pp. 71, 139.
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are thin and uneven and in parts nodular. As a rule it contains impressions of
Lepidodendron and other land plants in abundance. The bed of coal included in
it in the northeastern part of Crittenden County seems to be, considering the
horizon, unusually persistent in thickness and character.

The coal bed that was worked for many years at several points west of Carrs-
ville, notably at the old Union or Trabue mines, also appears to be included in
this bed. Here, however, there is another conglomerate above the coal. The
coal occurs in argillaceous shale immediately beneath the ‘‘slabby’ whetstone
sandstone. Here, beneath the lower conglomerate, which is the bed that is gen-
erally distributed through the district, there is sometimes, as at Flat Rock Church,
in Caldwell, a variable bed of shales with coal streaks, and beneath this a thin-
bedded sandstone resting unconformably upon upper Birdsville limestone. The
upper conglomerate varies in a short distance from a few feet to about 50 feet in
thickness, the increase in volume being westward from Carrsville. The lower
conglomerate, on the contrary, decreases in that direction. As the bed between
the two conglomerates observed in the northwestern part of Livingston County
is much thinner than the fine-grained sandstone described as forming the top of
Hardins Knob, it is regarded as probable that the upper conglomerate at Carrs-
ville is merely a coarse local facies of its upper part. Whether this belief proves
true or not, it can not be denied that the beds of the Mansfield are extremely
variable in thickness and to a great extent in lithologic character. The deposits
evidently vary according to local conditions, and much detailed work will be
required to correlate them satisfactorily with presumably contemporaneous beds in
Indiana, or even from point to point within the area under consideration.

According to the evidence now available it appears probable that the lower
conglomerate is approximately the same bed that Kindle“ in a section of the
Mansfield and Kaskaskia formations in Orange County, Ind., designates by the
number 6, and to which he gives a thickness of 100 feet. Above this bed his sec-
tion distinguishes (7) a bed of coal 14 inches thick; (8) the Hindostan whetstone,
20 feet; (9) coarse sandstone, 35 feet; (10) coal, 1 foot; and (11) coarse sand-
stone, 14 feet. The lower of the two coals—i. e., bed 7—may be correlated with
the bed of coal often found above the lower conglomerate in this district, and
the whetstone probably occupies nearly the same horizon in both areas. The
sandstone above the whetstone in Kindle’s section may then represent the upper
conglomerate at Carrsville. Further, if the coal of Kindle’s bed 7 is, as there
seems little reason to doubt, the equivalent of Ashley’s coal I,? which he describes
as at or near the base of the Mansfield in the area north of Orange County, then
it would appear that the lower conglomerate wedges out by overlap northward

aTwentieth Ann. Rept. Indiana Dept. Geol. and Nat. Res., p. 346, 1896.
b Twenty-third Ann. Rept. Indiana Dept. Geol. and Nat. Res., 1899.
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in Indiana, where deposits are preserved that were laid down nearer shore than
were those found in the more eroded area along the Ohio River. It is to be under-
stood that the overlap referred to is here eastward rather than northward.

When the quartz pebbles are wanting the heavy-bedded Mansfield sandstone
looks much like the Cypress sandstone. The thin-bedded sandstones of the Mans-
field, however, resemble much more closely certain sandstones of the Birdsville
formation, particularly one near the top and another at the base of that forma-
tion. In the faulted condition of the district it sometimes happens that sandstone
outcrops occur whose stratigraphic position is not indicated by their relations to
some more easily recognized bed, but must be determined solely by the lithologic
peculiarities of the outcrops in question. It is therefore probably worth while
to point out the criteria here chiefly relied on to discriminate between Mansfield
and Chester sandstones. The most important of these is the universal presence
of small flakes of muscovite mica in the Mansfield sandstones and the compara-
tive rarity and generally entire absence of mica in both the Cypress and Birds-
ville sandstones. Mica flakes have been ‘observed in the upper sandstones of the
Birdsville formation, but in no case that comes to mind at this moment was its
presence noted in any of the lower sandstones. Carbonaceous specks also are
rare in the Birdsville and rather common in the Mansfield. .

The discovery in a massive sandstone of even a few small quartz pebbles was
accepted as positive evidence that it is Mansfield and not Cypress or some other
Chester sandstone. Where the beds were thin and shaly the presence of plant
remains in considerable quantity was regarded as equally conclusive evidence in
favor of Mansfield. Where these could not be found, the mica test was supple-
mented by the fact that whereas the surface of the thin-bedded Birdsville sandstones
is nearly always even, it is commonly hummocky or nodular in the Mansfield.

Topography—Where the lower half of the Mansfield sandstone is the surface
rock, the country is always extremely rough. The surface is strewn with great
bowlders and masses of conglomeratic sandstone, while bluffs and bare walls 50
to over 100 feet in height abound. Where the areas retain a considerable part
of the thinner bedded upper half, the topography is less rugged, and sometimes
may even take on the character of a table-land. This change in topography is
very well illustrated in passing northward across the large outlier of Mansfield
sandstone that occupies the northwestern part of Livingston County.

Paleontology.—Impressions of land plants are the only fossil remains so far
found in the Mansfield sandstone in western Kentucky. These occur in greater or
less abundance and generally in a fair state of preservation in nearly every exposure
of the middle portion of the formation. They are less common and not so well
preserved also in the other beds. Plant remains were collected at only one locality,
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viz, in Caldwell County, between Enon and Ruth. These were submitted to Mr.
David White of the Survey, who has kindly determined and listed the following

species:
Fossils from Mansfield sandstone, collected in Caldwell County, Ky.

Eremopteris macilenta (Lx.) D. W. Triletes (megaspores.)

Dansites macrophyllus (Newb.) Lx. Sigillaria, sp. indet.

Neuropteris cfr. Schlehani Stur. Artisia transversa Lx.?

Calamites cistii Brongn. Cardiocarpon bicuspidatum (Sternb.) Lx.
C. Roemeri Goepp. C. elongatum Newb.

Lepidodendron clypeatum Lx. C. ovale Lx.

Lepidostrobus pennsylvanicus D. W. C. crassum Lx.

Lepidophloios cfr. laricinus Sternb. Trigonocarpum ampulleforme Lx.
Lepidocystis vesicularis Lx. T. dawsonianum D. W.

Halonia sp. undet. : N

Distribution.—The Mansfield sandstone outcrops as a continuous band from
2 to 10 miles wide along the eastern borders of Caldwell and Crittenden counties.
Beyond the Tradewater River, which forms the eastern boundary of the counties
named, the formation soon dips under later deposits. Most of the western boundary
of this area is sinuous, being formed by normal contact with the underlying Birds-
ville formation. In Crittenden County a part of the boundary is straightened by
the Tradewater fault. West of this area 11 outliers have been determined, all of
them being conspicuous in the topography of the district. Reckoning from east to
west, the first of these is at Iron Hill, in Crittenden County. This is a high flat-
. topped hill in the angle of convergence of the Tradewater and Crittenden faults.
Geologically higher strata occur at lower levels on the other-sides of these faults.
The second outlier covers a considerable area in the northwestern part of Caldwell
County and owes its preservation to downthrow in faulting. The third area occurs
as the capping of a high hill less than 2 miles south of Weston. The fourth is an
elongated area, averaging rather less than 1} miles in width by about 10 miles in
length, that has been thrown down between the Columbia and Lerue faults. Itis
cut into two parts by the Hurricane fault, the downthrow in the portion northeast
of this fault being greater than in the portion southwest of it. The fifth area is a
small, angular one, bounded by fault-planes and known as the sand hill, situated
just west of Sheridan. The sixth forms an elongate triangular area, with the promi-
nent Hardins Knob at its north end. It is bounded on the east side by the southern
prolongation of the Glendale fault and on the western side by the Miller fault. The
area forms a rough ridge divided about half and half between the counties of Crit-
tenden and Livingston. Between 2 and 3 miles south of the acuminate extremity
of this area is another that forms, as usual, a patch of very rough country. The
eighth outlier lies just north of the Cumberland River and a short distance west of
the mouth of Sandy Creek. The ninth is provisionally indicated on the map as an
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ovoid area about 3 miles east of Hampton and nearly the same distance south of
Lola. The tenth is a triangular, fault-bounded area south of the Cumberland
River between Smithland and Livingston chapel. The eleventh is the largest
outlier in the district. It lies in the northwestern part of Livingston County and
covers most of the area lying between the Ohio River and the Fairview fault, which
crosses the county in a southwesterly direction from Carrsville to Bayou. The
strata dip on the whole gently northward, allowing the upper limestones of the
underlying Birdsville formation to outcrop in the slopes inclosing the southern half
of the area. This part contains little more than the main sandstone of the formation
and affords much rougher topography than the portion north of the Golconda
road.

Nomenclature and correlation.—The name of this formation is adopted from
the reports of geologists of the Indiana Survey.© Previous to 1896 the formation
was generally referred to as the ‘“Carboniferous conglomerate.” The latter is com-
monly, and no doubt correctly, correlated with the Pottsville group of Pennsylvania;
but the basal beds of the Pennsylvanian series in Indiana, southern Illinois, and
western Kentucky, above described under the name Mansfield sandstone, probably
represent only the upper members of the (Pottsville) group.

ALLUVIAL DEPOSITS.

The term alluvial deposits includes only such recent deposits as those forming
the bottom lands adjacent to the large rivers. Where these are broad they have
been distinguished in a generalized manner on the maps. In the absence of a
topographic base it was thought better to do this approximately than to continue
the patterns of the Paleozoic formations across the bottoms. The latter have, of
course, considerable agricultural value, but the mineral veins and faults which cross
them can no longer be traced superficially, and if worked under the bottoms at all it
must be by underground drifting from shafts much farther inland.

Other and older alluvial deposits occur as beds of chert gravel well up on the
hills bordering the Cumberland and Tennessee rivers. These deposits were not
studied, but they are probably worthy of careful investigation, since some of them
at least may afford valuable road metal.

aHopkins, T« C., Mansfield sandstone: Dept. Geol.and Nat. Res. Indiana, Twentieth Ann. Rept. for 1895 (1896), i)p. 186,
195, 196, 199.



CHAPTER III.
GEOLOGIC STRUCTURE.

GENERAL FEATURES.

In a broad way the Kentucky-Illinois fluorite district represents two truncated
stratigraphic domes. The northern one of the domes centers in Hardin County,
Ill., and is the sharper and more complete of the two. The southern dome is so
badly broken up and eroded that its center can not now- be definitely fixed. It
was probably somewhere along the Tennessee River and not far from the town of
Grand Rivers. Both domes are irregularly circled to the north and east by an
escarpment formed by the Mansfield sandstone, which is here the basal formation
of the Coal Measures of the Pennsylvanian series.

On the southwest the district is bounded by the remains of an ancient and
often submerged anticlinal fold, against and over which deposits were piled from
both sides.* The southwestern limb of this fold evidently has with time grown
the steeper of the two, and leads down into the much deeper basin of the Mississippi
embayment. It is an elevation on this anticlinal fold that is supposed to be the
center of the southern dome, for it is here that the lowest rocks in the Kentucky
portion of the district are most commonly found. Between this place and the
Mansfield escarpment the Mississippian formations occur in successive but very
much interrupted bands. To the southwest the Cretaceous and Tertiary clays
overlap the slope to, and in places across, the Tennessee River. Most, if not all
of the Mississippian formations are believed to have extended, in part at least,
over the anticlinal fold into the embayment.

aln his report on the Jackson Purchase Region, pp. 321-326. published by the Ceological Survey of Kentucky in 1888,
R. H. Loughridge discusses the evidence afforded by a deep well at Paducah and reaches the conclusion that an immense
east-west fault passes through the Paleozoic rocks beneath the Tertiary clays at or just north of Paducah. According to
his interpretation of the beds passed through by the well boring the region south of the Ohio River sank ‘‘ to a depth of
more than 1,300 feet.”” As interpreted by the present writer, the evidence afforded by the well tends to show that if there is
any fault at all beneath Paducah, the displacement can not exceed 400 feet. Indeed, it is thought possible that instead of
being the result of faulting the difference in altitude of certain stratigraphic horizons on opposite sides of the Ohio River
in the immediate vicinity of Paducah, upon which Loughridge’s theory of a buried fault is based, is really due to mere anti-
clinal folding. However, the embayment proper is most probably paralleled on the northeast by a great fault that passes
a few miles south instead of north of Paducah. ‘
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FAULTS.

GENERAL CHARACTER OF FAULTS.

The fluorite district contains a very large number of faults, no less than 35,
with a maximum displacement ranging from 300 to perhaps over 1,400 feet, being
known on the Kentucky side of the Ohio alone; and it appears that the northern
half of the district will not fall far short in this respect. Since many of these are
connected with series of subsidiary fractures and faults, whose displacement rarely
exceeds 200 feet, and is usually considerably less than that, they may be distin-
guished as the main faults. Of the subsidiary fissures, there are probably hundreds.

The faults, apparently in all cases, are normal, and strike in many directions.
Their planes divide the area into a large number of very unequal, but always sharp-
sided polygons. As a rule the lines of faulting are practically straight, apparent
slight deflections in the course being generally due to the dip of the fault planes
(which is usually considerable) upon the line of outcrop over an undulating surface.
Often, however, as in the case of the Tabb fault, the faults are broken up into series
arranged en échelon. Each plane of such a series is straight, but the strike of the
individual planes is not quite parallel, and generally crosses the average strike
of the zone in which the faulting has taken place. Again, when one of the main
faults is accompanied by, or is split up into, subsidiary fractures, as in the case of
the Columbia, it often happens that the major displacement occurs along first one
and then another of the subparallel fractures, and oftener it is transferred back
again to the main line. In these cases the main line may as a rule be traced through,
but the degree of faulting along it is periodically subsidiary. In other cases, finally,
the subsidiary faults are arranged step-like on one or both sides of the main line,
as in the case of the Larue, between Hurricane and Crooked creeks. The determi-
nation of any of these conditions in this and most other fissured districts depends
very largely upon the results brought out in abundant prospecting and subsequent
development of the veins. Of course, the detailed work required to bring them
out clearly enough to delineate them on a map was possible in only a few cases in
this district. In the other cases it is not to be doubted that future investigations
will often, if not always, necessitate similar modifications of the long straight lines
by which the faults are now represented on the accompanying maps. In the
meantime they should be viewed as representing the average courses of zones rather
than individual fault-planes.

TRACING OF FAULTS. ,

When the displacement of the strata is sufficient to bring two lithologically
distinct. formations into juxtaposition, as, for instance, when the sandstones of
the Mansfield formation and of the Chester group are thrown down to the level

/
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of the normally underlying limestone formations, there is little difficulty in tracing
the fault; but where the displacement is insufficient to produce this result, or where
the opposing formations are lithologically similar, very close stratigraphic or
paleontologic comparisons are required to establish its presence. Indeed the
difficulties seemed almost insurmountable in the cases where the faults extended
into the deeply weathered areas occupied by the St. Louis and lower limestones.
Still, fortuitous discoveries along their lines of strike will, it is believed, result in
the extension of many of the faults into such areas, and particularly into the large
one that embraces nearly the whole of Lyon County and smaller portions of the
adjoining counties. In the cases where different parts of .any of the formations
of the Chester group are on the two opposite sides of the fault-plane the difficulties
are usually not so great, since the different members of these formations may be
distinguished without much trouble. Besides, they are as a rule not deeply weath-
ered, while in the arenaceous formations the course of the fault is very commonly
marked by protruding dike-like masses of silicified sandstone.

DIVISION OF FAULTS INTO SYSTEMS.

Taken as a whole, the fractures fall into at least two well-defined systems,
one trending northeast to east, the other north to northwest. In Kentucky the
northeasterly system is the more prominent and its fractures are perhaps more
generally mineralized than those of the other systems. The faults in this system
have also resulted in a much greater average displacement of the strata than pre-
vails in the northwest system. The faulting in the latter rarely amounts to 400
feet, while in the former it commonly exceeds that amount, and sometimes reaches
the maximum of 1,400 feet observed in the district.

The division of the faults into systems varies according to the criteria employed
in classifying them. If they are ‘classified solely according to direction of strike,
they fall into two main systems—one northeast, the other northwest—and a third
more subordinate system trending nearly due east. If, however, other factors,
such as arrangement with respect to centers, direction of diminution of throw,
and localization of development are also considered, the resulting classification,
though similar on the whole, is still somewhat different in detail. Thus, while
the subordinate system of easterly fractures, which has its main development in
Caldwell County, is the same in'both classifications, the northeast system in the
first includes several northeast faults in the northwestern quarter of Livingston
County that in the second classification are referred to the otherwise northwesterly
trending system. As to the respective merits of the two classifications, convenience
alone is consulted in the first, while in the second supposed natural relations are
the controlling factors.
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When plotted on a map (see Pl. I, opposite p. 22) the northeast faults, exclud-
ing the Fairview and Rosiclare faults, constitute an obviously natural and geo-
graphically distinct system. This presents an obscure fan-shaped arrangement,
radiating and diverging eastwardly from the region between Pinckneyville and
Smithland in Livingston County. The ribs of the fan pass through or into Crit-
tenden County, and its successive lines 1un more and more easterly as we approach
the southern boundary of that county and enter Caldwell, where they pass over
into the subordinate system in which the fractures strike from a little north of east
to a few degrees south. As a rule, the faulting grows less and finally dies out entirely
in an easterly direction. Considered geographically, this system is eminently
Kentuckian.

In a comprehensive view, the faults in the northern parts of Livingston and
Crittenden counties, which strike toward the Ohio River, appear to belong to a
similarly though less compactly arranged system, radiating and diverging south-
ward from the western part of Hardin County, Ill. The course of the most western
of this clearly Illinois system of faults is about S. 30° W.; that of the Tradewater
fault on the opposite side of the district S. 56° E. Except the dikes, which prob-
ably form systems of their own, all of the northwest fractures in west Kentucky
may be referred to this Illinois system.

This irregularly radial arrangement of the fractures has, so far as known, no
relation to the igneous deposits of the district. Indeed, no igneous rocks of any
sort have yet been found either in Livingston County, the southern half of which
contains the imaginary converging point of one of the systems, nor in the part of
Hardin County in which the Illinois system centers. Moreover, with one or possibly
two exceptions, the trend of all of the dikes is essentially at right angles to the
more prominent system, being northwest instead of northeast.

The fractures, whether mineralized or not, frequently serve as channels for
descending waters, as is shown by the corrosion of the walls, some of the appar-
ently unmineralized fractures forming either open fissures or crevices filled with red
clay. Sometimes, though perhaps only where the Birdsville formation occurs in
one of the walls, the crevice is largely occupied by dragged-in shales and dark,
secondarily deposited clays. Sink holes are common along some of the fractures,
and to a certain extent these may be used as guides in locating the fissures. They
are, however, likely to prove unreliable and misleading, since very often they lead
to nothing better than merely enlarged joints and caverns in the limestone forma-
tions. The limestone beds contained in the faulted blocks are of course abundantly
traversed by such joints. These often parallel the fault-planes, but as a rule there
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